
DESCRIPTION OF THE EASTPORT QUADRANGLE.

By Edson S. Bastin and Henry S. Williams.0

INTRODUCTION.
POSITION AND AREA.

The Eastport quadrangle is bounded by parallels 44° 45' 
and 45°, and its mapped portion extends eastward from merid­ 
ian 67° 15' to the boundary between the United States and 
Canada. The area of this portion is approximately 250 square

FIGURE 1. Index map of eastern Maine.
The location of the Eastport quadrangle (No. 192) is shown by the darker ruling. Published 

folios describing other quadrangles, indicated by lighter ruling, are the following: Nos. 149, 
Penobscot Bay; 158, Rockland.

miles, of which nearly one-half is water. It occupies the east­ 
ern extremity of Maine and lies wholly in Washington County. 
(See fig. 1.) The principal town, from which the quadrangle 
takes its name, is Eastport, situated on Eastport or Moose 
Island, in its east-central part.

OUTLINE OF GEOGRAPHY AND GEOLOGY OF REGION.

GEOLOGIC FEATURES OF THE APPALACHIAN PROVINCE.

GENERAL FEATURES.

In its general geographic and geologic relations the Eastport 
quadrangle forms a part of the Appalachian province, which 
comprises a belt of country, 70 to 350 miles wide, lying nearly 
parallel to the Atlantic coast line and extending from Alabama 
to Newfoundland, that was a zone of sedimentation with inter­ 
mittent uplift throughout the Paleozoic era which culminated 
in mountain-building at its close.

The Appalachian province as thus defined is now only in 
part mountainous. Many portions that were once mountain­ 
ous have been planed down by erosion; other portions, though 
characterized by highly folded rocks, may never have been 
mountainous; they may be called potentially mountainous, 
erosion having kept pace with uplift and prevented the growth 
of mountains, though the conditions were otherwise favorable 
for mountain building. The crustal movements varied in 
kind and in intensity in different parts of the province and 
were not everywhere synchronous. In generalthe main struc­ 
tural features trend northeast and southwest, following the 
trend of the province as a whole, particularly in the southern 
Appalachian region, where the rocks of the. Appalachian 
Valley are compressed into long, symmetrical, parallel folds. 
In northern New England only the older Paleozoic rocks 
conform closely to this trend.

The Appalachian province was not only subject to great 
crustal movements, but along its eastern border its strata were 
intruded by great masses of igneous rocks, the best examples 
being the large areas of granite, which form an important 
economic resource. In a few places the igneous rocks issued
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on the surface from volcanic vents and formed extensive flows 
and deposits of tuff, especially in New England.

NORTHERN APPALACHIAN REGION.

Although certain features are common to the entire Appala­ 
chian province others serve to differentiate the part of the 
province in New England and New Brunswick from that lying 
farther south. In the southern Appalachians the province 
comprises two great belts composed of rocks of different types, a 
southeastern belt composed x chiefly of metamorphic and igneous 
rocks and a northwestern belt composed of sedimentary rocks. 
The crystalline belt is the older and includes the higher parts 
of the Appalachian Mountains and the Piedmont Plateau, east 
of the mountains. The sedimentary belt includes the Appa­ 
lachian Plateau and the group of alternating ridges and valleys 
known as the Appalachian Valley. The metamorphic rocks 
are largely Cambrian and pre-Cambrian; the sedimentary 
rocks range from the Cambrian through the Carboniferous.

In southern New England practically all the rocks have 
been rendered schistose, even some of the Carboniferous rocks 
being dynamometamorphosed. As a result the division of the 
rocks of the province into a crystalline and a sedimentary belt, 
applicable farther south, is here not applicable, the line of 
division not being well defined.

A second distinction between the northern and the southern 
parts of the Appalachian province lies in the character of the 
boundary of the province. South of Cape Cod and Long 
Island the province is bounded on the southeast by the uncon- 
solidated sediments of the Coastal Plain; north of Cape Cod 
the Coastal Plain is submerged, the ocean forming the eastern 
boundary of the province.

Volcanic eruptions occurred in eastern Massachusetts, in 
Maine, and in New Brunswick during Paleozoic time but 
were not so numerous farther south.

NORTHERN NEW ENGLAND AND NEW BRUNSWICK.

Even in New England, however, there were considerable 
local differences in geologic history. In southern New Eng­ 
land rocks as late as Carboniferous have been recrystallized 
by mountain-building forces. In northern New England, on 
the other hand, including the Eastport quadrangle, all rocks of 
Silurian or later age are unmetamorphosed. Not only are the 
younger Paleozoic rocks unmetamorphosed but they lie in 
broad and rather irregular folds, wholly different from those in 
the southern Appalachians. Too little is known of the geology 
of northern New England and New Brunswick to warrant a 
description of the broad structural features, but from southern 
to northern and eastern Maine metamorphosed rocks, Ordovi- 
cian or older, give place to unmetamorphosed Silurian and 
Devonian rocks and in New Brunswick Carboniferous rocks 
cover large areas.

PHYSIOGRAPHIC FEATURES OF THE APPALACHIAN PROVINCE.

GENERAL FEATURES.

The physiographic development of the Appalachian prov­ 
ince has been complicated by great differences in structure, in 
character of rocks, in altitude, and in distance from the sea. 
For most of the time since the close of the Carboniferous period 
the province has been a land area and has been subjected to 
erosion. The physiographic records of this erosion date back 
to Cretaceous time, when, during a long period of uninter­ 
rupted erosion, much of the surface was reduced to a plain 
sldping gently seaward. Remnants of this peneplain form the 
tops of mountains and ridges throughout large areas in the 
southern Appalachians and are obscurely recognizable as far 
north as Connecticut and Massachusetts. The Cretaceous 
peneplanation probably extended over northern New England 
and New Brunswick, but all evidence of it has been destroyed 
by subsequent erosion. Since Cretaceous time the region has 
been several times uplifted, extensively dissected, and, in its 
northern part, glaciated.

NEW ENGLAND.

Over most of New England the erosion that destroyed nearly 
all vestiges of Cretaceous peneplanation reduced the surface to 1 
a somewhat uniform upland or plateau, whose surface ranges 
in altitude from several hundred to two thousand feet above 
sea level. Above the western part of this upland rise irregular 
mountain groups the White Mountains in New Hampshire, the 
Green Mountains in Vermont, and other lesser groups. Above 
it also rise isolated mountain peaks, among them Mount Katah- 
din, in central Maine, and Mount Monajdnock, in southern New

Hampshire. The last important physiographic event was the 
glaciatiou of New England in Pleistocene time. The ice sheet 
scoured the surface free of soil and subsoil in places and rede- 
posited the eroded material elsewhere as till, making important 
changes in the form of the land surface and shifting and modi­ 
fying the lines of drainage. Most of the lakes that form char­ 
acteristic features of New England are due to the obstruction 
of preglacial drainage lines by glacial deposits. In Maine such 
lakes cover 5 to 10 per cent of the larger drainage basins. 
Streams flowing from the melting glaciers produced further 
modifications of the topography by forming eskers, delta 
plains, and sand plains and furnishing the material for exten­ 
sive deposits of marine clay near the coast.

During at least the later part of Pleistocene time the coast 
of Maine was depressed several hundred feet below its pre­ 
glacial position, the movement being possibly a direct effect of 
the weight of the ice sheet. Coincident with the withdrawal 
of the ice sheet the movement was reversed. The uplift, 
though amounting along most of the Maine coast to over 200 
feet, did not, however, restore the land to its preglacial position, 
and the coast still presents in its profusion of islands and 
estuaries the features of drowned stream valleys.

Since glacial time New England has been subjected to slight 
uplift and to renewed erosion. The larger streams have cut 
terraces in the glacial gravels bordering them, the marine clays 
of the coastal tract have been subjected to both stream and 
marine erosion, and marine erosion has produced minor modifi­ 
cations of the coast line.

TOPOGRAPHY OF THE QUADRANGLE.

RELIEF.

The Eastport quadrangle is characterized by numerous rocky 
hills and ridges that rise above more extensive flat lowlands. 
The irregular form and the steep slopes of many of these hills 
are important elements in the scenic beauty of the region. 
Most of the hills are less than 300 feet high. The highest 
point in the quadrangle, Mount Tom, in the northwest corner, 
reaches an elevation of only about 400 feet. Many of the 
hills in the northern half of the quadrangle are elongate in a 
northwest-southeast direction, whereas those in the southern 
half of the quadrangle show a less pronounced tendency 
toward elongation in a southwest-northeast direction.

COAST LINE AND DRAINAGE.

The district has an exceedingly irregular coast line, character­ 
ized by long, narrow bays and estuaries and many islands. 
The degree of irregularity of the coast may be more fully 
appreciated when it is stated that the distance from Eastport to 
Lubec around the shore is 100 miles, whereas the distance "as 
the crow flies" is but 3 miles. Many of the estuaries in the 
northern half of the quadrangle trend northwest-southeast, but 
those in the southern half of the quadrangle generally trend 
southwest-northeast. These directions are parallel to the direc­ 
tions of elongation of the hills and ridges, and the geologic 
map shows that the trend of both ridges and estuaries is 
parallel to the trend of the hard rock formations. Much of 
the shore is rocky, but considerable stretches bordering the 
lowlands are formed of low bluffs cut in clay or gravel.

The tides are rather high, the average distance between high 
and low water at Eastport' being about 18 feet. The high tides 
increase the difficulty of navigating the shallower estuaries, 
many of which are large and discharge their water through 
relatively narrow mouths that become turbulent races or falls 
at half tide. One of the most picturesque narrows is Cobscook 
Falls, in the channel between Falls Island and Falls Point; 
another is the narrows between Lubec and the Canadian shore.

All the streams of the quadrangle are small, none being 
navigable above the head of tidewater. The largest streams 
are Pennamaquan, Dennys, and Orange rivers. Many of the 
streams have been dammed for lumbering, for power, or for 
creating reservoirs, and the local enlargements of some of 
the streams, as along Little River above Perry and along Pen­ 
namaquan River above Pembroke, are partly or wholly of such 
artificial origin. A number of small fresh-water lakes lie in 
the quadrangle, which includes also portions of Bocky, Penna­ 
maquan, and Boy den lakes. Some of the streams are sluggish 
throughout long stretches and are bordered by fresh-water 
marshes. Isolated fresh-water marshes and bogs are also com­ 
mon features of the topography. In general the courses of the 
streams and the form and distribution of the lakes and bogs are 
very irregular, and the irregularity is traceable largely to the 
influence of glaciation.



CLIMATE AND VEGETATION.

The climate is temperate and moderately humid, the mean 
annual temperature at Eastport being 41.6° F. and the mean 
annual rainfall 42.4 inches. In summer few days are very hot 
and the nights are invariably cool. Much of the region near 
the shores has been cleared for agriculture, but large areas west 
of Cobscook River and between Orange Lake and West Quoddy 
Head are covered with a dense growth of conifers and decidu­ 
ous trees. Among the conifers spruces and firs predominate. 
Pines, once abundant, are now subordinate, because of the 
encroachments of lumbering. No large tracts of virgin forest 
remain within the quadrangle, but in its western part the spruce 
and hardwood timber that was passed over in the early days 
of lumbering now supports small lumbering industries.

CULTURE.

Eastport, the principal town, with a population, according to 
the census of 1910, of 4961, is the terminus of the Washington 
County branch of the Maine Central Railroad. It may also be 
reached by steamship from Boston or Portland and has one of 
the best harbors on the Atlantic coast. The southern gateway 
to the harbor, Lubec Narrows, is navigable only at certain tides, 
and the principal approach to the harbor is the channel between 
Campobello and Deer islands. Cobscook Bay and its many 
branches can in general be safely navigated only at favorable 
tides and under the pilotage of one who is thoroughly familiar 
with the region. Only vessels of light draft can pass beyond 
Cobscook Falls.

Among the industries of the region agriculture divides 
honors with fishing, and many of the inhabitants living near 
the shores pursue both callings. About one-half of the land 
area of the quadrangle has been cleared for agriculture. East- 
port and its neighbor Lubec are sardine-packing centers, and 
at both places large quantities of cod, herring, and other fish 
are salted or smoked and packed for shipment. Shipbuilding, 
which was a thriving industry in this region a generation ago, 
has passed away with the decadence of the coastwise trade.

In the past the region supported several manufacturing 
industries. A small brickyard was worked at one time below 
West Pembroke. Small amounts of limerock were burned at 
North Lubec. At the time when shipbuilding was active at 
Pembroke a furnace there smelted iron ore, brought presum­ 
ably from Canada. A small mill run by tide power at the 
canal crossing the southern part of Seward Neck at one time 
manufactured plaster from gypsum imported from New Bruns­ 
wick and Nova Scotia. Like many small industries elsewhere 
in rural New England, these passed away with the develop­ 
ment of transportation facilities and the growing concentration 
of industries near the large cities.

The Eastport region, though somewhat handicapped by 
high tides, is one of the most beautiful portions of the Maine 
coast, and Campobello and St. Andrews, on the adjacent 
Canadian shore, have a well-established patronage of summer 
visitors. The American side has been less frequented as a 
summer resort, but as desirable locations on the coast farther 
south are taken up there is every reason to believe that the 
Eastport region will also become a popular recreation ground.

DESCRIPTIVE GEOLOGY.

PREVIOUS STUDY OF THE REGION.

Among those portions of the eastern United States whose 
geology has been carefully studied, the Eastport quadrangle is 
exceptional because of the complicated manner in which sedi­ 
mentary rocks are interbedded with a great variety of volcanic 
rocks and because the fossils show much closer affinities with 
those of western Europe than with those of equivalent forma­ 
tions in other parts of the United States. The geology is 
further complicated by the presence of abundant intrusive 
masses and by extensive faulting.

Owing to the situation of the region on an extremely 
irregular coast line where marine erosion is active the bed­ 
rocks are exposed at many places along the shore and can be 
accurately mapped in great detail except where they are covered 
by Pleistocene deposits. Much of the sparsely settled part of 
the quadrangle that lies back from the shore is covered with a 
heavy growth of timber and contains few outcrops of the bed­ 
rock, so that in those areas it is at present impracticable to map 
the complex details of the geology. As a result the geologic 
mapping of the shore and the inland exhibits considerable 
unevenness in detail. Faults are seen here and there along the 
shore, but in general their presence inland can only be inferred 
from the distribution of the rocks.

Much of the area is covered by till, by marine deposits of 
late Pleistocene age, and by recent alluvium, all of which add 
to the difficulty of mapping the hard rock formations.

The Eastport region and adjacent portions of New Bruns­ 
wick have been occasionally studied by American and Canadian 
geologists since 1836, with the results summarized below.

The earliest published reports on geologic work done in the 
region are those of Charles T. Jackson/ the first State geolo-

a Jackson, C. T., First report on the geology of the State of Maine, 1837.

gist of Maine. In a short trip which he made in 1836 Jackson 
noted the occurrence of "greenstone trap" on Moose Island 
and the presence of lingulas and other fossils in the slates of 
Broad Cove. Northwest of Eastport he observed the Perry 
formation, which he termed "New Red Sandstone," and traced 
it northward along the shore to a point opposite St. Andrews. 
He made a circuit of South Bay, visiting the Lubec lead mines, 
which were then in operation, and finally made excursions to 
West Quoddy Head and to Pembroke and Dennysville.

The next important field observations we're those of Charles 
H. Hitchcock/ made in 1861, during the progress of the second 
geologic survey of Maine. He called attention to the abun-. 
dance of "trap rock" on Moose Island and along the road from 
Perry to the south end of Boy den Lake and defined its strati- 
graphic position, noting that it lies between the highest Silu­ 
rian sediments and the Perry formation, but he recognized the 
fact that not all the trap rock of the region is of the same 
age, noting that some trap cuts the Perry formation as dikes 
and that pebbles of -Qther trap are contained in the Perry. 
Descriptions, by J. W. Dawson, of species of plants from the 
Perry formation were given in this report and the age of the 
formation was fixed as Devonian. The futility of prospecting 
for coal in these Devonian and Silurian rocks was pointed out.

In the second report on the geology of Maine, published in 
1862,6 several new species of plants from the Perry formation 
were described by Dawson; the progress of work at the Lubec 
lead mines was recorded, and mention was made of the open­ 
ing of a new mine on Denbow Point.

For over 20 years after Hitchcock's surveys no work was 
done in the Eastport region by American geologists, but impor­ 
tant work was carried on by the Canadian geologists L. W. 
Bailey and G. F. Matthew. A report 6 by these geologists, 
published in 1871, summarized the earlier work in this region 
and gave the results of field studies made in 1868-1870. The 
rocks of Deer and Campobello islands were described and in 
the absence of fossils were assigned mainly to the Kingston 
group, then regarded as of Huronian age. Certain rocks of the 
north and east shores of Passamaquoddy Bay and the east shore 
of St. Croix River opposite Chamcook Lake were described 
under the name of "Mascarene series." From observations 
and collections made on an excursion to Eastport and Pem­ 
broke these geologists referred most of the rocks of Moose 
Island and those extending from that island nearly to Pembroke 
to the "Mascarene series." Fossils collected along the west 
shore of Pennamaquan (Pembroke) River were assigned by 
Billings to the "Upper Silurian," and fossils from Denbow 
Point, though not well preserved, were also classed by him 
as of "Upper Silurian " age.

The volcanic flows of the region were not recognized as such 
by Bailey and Matthew in this report but were regarded as 
"reconstructed sediments." Later, however, in the report cited 
below, published in 1875, these geologists correctly interpreted 
the volcanic rocks.

Bailey and Matthew were the first to point out that no frag­ 
ments of granite occur in any sediments below the Perry forma­ 
tion, which was regarded by them as Upper Devonian or 
" Lower Carboniferous."

In a later report by these authors,^ published in 1875, a 
detailed section of the rocks on the Mascarene shore was given 
and the conclusion was reached that "the Mascarene series is 
nothing more than the Upper Silurian strata under a peculiar 
aspect, resulting from the beds being deposited in shallow water 
and from the mingling of lava and volcanic ashes with the 
higher beds."

In a report published in 1877 G. F. Matthew e recognized the 
presence of a master fault zone extending from the center of 
the parish of St. David, N. B., to the vicinity of Quoddy 
Head and bringing the older rocks of Campobello and Deer 
islands against the "Upper Silurian" rocks of Moose Island. He 
described the granite of adjacent parts of New Brunswick as 
distinctly intrusive in the "Upper Silurian " sediments with nota­ 
ble contact-metamorphic effects.

In the summer of 1884 N, S. Shaler-^ spent two months in 
the Cobscook Bay region studying the rocks and making col­ 
lections of fossils at many localities. He recognized the pres­ 
ence of volcanic flows-and tuffs and also of diabase intrusions, 
and called attention to the fact that faulting rather than com­ 
plex folding is the dominant structural feature of the region 
and that the prevailing trend of the faults is northeast and 
southwest. By means of the fossils collected the rocks near 
Edmunds village were referred provisionally to the "Lower

"Hitchcock, C. H., Preliminary report upon the natural history and 
geology of the State of Maine, 1861.

6 Hitchcock, C. H., Second annual report on the natural history and 
geology of the State of Maine, 1862.

"Bailey, L. W., and Matthew, Gr. F., Preliminary report on geology of 
southern New Brunswick: Canada Gfeol. Survey Kept. Progress for 1870-71.

d Bailey, L. W., and Matthew, Gr. F., Summary report of geological obser­ 
vations in New Brunswick: Canada Greol. Survey Rept. Progress for 
1874-75, pp. 85-89. .

e Matthew, GK F., Slate formations of the northern part of Charlotte 
County, N. B., with a summary of geologic observations in the southeast 
part of the same county: Canada Greol. Survey Kept. Progress for 1876-77, 
pp. 821-350.

 f Shaler, N. S., Preliminary report on the geology of the Cobscook Bay 
district, Maine: Am. Jour. Sci., 3d ser., vol. 32, pp. 35-60, 1886.

Helderberg;" those of Leighton or Schooner Cove to the 
"Clinton and Niagara;" and those of the northern part of 
Moose Island to the Devonian, all these rocks being included 
under the name "Cobscook series." Shaler recognized the 
rocks of West Quoddy Head and their continuation on Campo­ 
bello Island as older than his Cobscook series and, failing to 
find any fossils in them, classed them provisionally as Cam­ 
brian. His collections of fossils have been reexamined by Prof. 
Williams in the preparation of the present folio.

L. W. Bailey a in an article published in 1889 referred the 
rocks of Campobello and Deer islands to the pre-Cambrian 
system and used the names "Cobscook" and "Mascarene" as 
practically synonymous.

For about 20 years after Shaler's observations no important 
geologic field work appears to have been done in this region. 
In the summer of 1903 George Otis Smith and David White, 
of the United States Geological Survey, made a short reconnais­ 
sance of the region about Perry. This exploration was under­ 
taken primarily to determine whether minable coal occurred in 
this region, but it yielded important scientific results. It showed 
that the Perry formation near Perry possessed in general a syn­ 
clinal structure and was separated into two sedimentary and 
two volcanic members. Numerous fossil plants were obtained 
from the formation and its Upper Devonian (probably Che- 
mung) age was reaffirmed. The report on this exploration b 
also contained a review by H. S. Williams and E. M. Kindle 
of the Silurian fossils collected by Shaler in the Cobscook Bay 
region and notes by Charles Schuchert on the fossils collected 
by Smith and White from Carlow Island, the identifications 
showing that the rocks containing the fossils are older than the 
Helderbergian, and therefore assigning Shaler's Moose Island 
series to the Silurian rather than to the Devonian system.

About 1904 field work was resumed on the Canadian side 
by E. W. Ells, whose results were published in 1907.° The 
report contains a complete summary of all previous geologic 
work on the Canadian side. Ells reviewed the data on the 
"Mascarene series" and concluded that the determination that 
they were "Upper Silurian" was not wholly satisfactory 
because of the reported presence in the rocks at Beaver Harbor 
of certain plant remains of Devonian aspect. Following David 
White and others he regarded the Perry as of Upper Devonian 
age. Certain ancient-looking rocks of Charlotte and St. John 
counties which were formerly variously regarded as Cambrian 
or pre-Cambrian (in part Kingston group) he showed to be 
much younger rocks altered by contact metamorphism. He 
says :d

Eecent investigations in this area (1903) have shown that the rocks 
of the islands in Passamaquoddy Bay and in parts of the mainland 
adjacent to tlie north, as at Letite, Frye Island, and elsewhere, con­ 
sist largely of altered Silurian sediments, closely associated with 
dikes and masses of later intrusives, mostly diabasic in character, 
which have locally altered the Silurian slates and limestones, though 
the contained fossils can be seen at several points but are generally 
much distorted.

From this summary of geologic studies previous to the 
surveys made by the present writers it is apparent that many 
of the salient features of the geology had already been correctly 
interpreted, although their details had not been worked out. 
Most of the rocks of the region had been recognized as of 
Silurian age, and among these the rocks now classed as the 
Quoddy shale were regarded as the oldest. The sparsely 
fossiliferous rocks of the "Mascarene series," corresponding to 
a part of the Eastport formation as defined in this folio, were 
recognized as a part of the Silurian system and believed to 
constitute its youngest member. The abundance of volcanic 
rocks of both felsic 6 (acidic) and mafic (basic) varieties had 
been noted and the granite and much of the diabase was recog­ 
nized as intrusive in the Silurian rocks. The position of the 
Perry formation unconformably above the Silurian rocks was 
established and its age definitely determined as Upper Devo­ 
nian. Faults with northeast trend were described as one of 
the major structural features.

STRATIGRAPHY. 

GENEBAL FEATURES.

The rocks of the Eastport quadrangle include sediments and 
igneous rocks of Silurian and Devonian age and unconsolidated 
surficial deposits of Quaternary age: Granite of late Silurian 
or early Devonian age outcrops a short distance north of the 
quadrangle.

The strata of the Silurian system consist chiefly of shale and 
argillite, which grade in places into well-stratified tuff. They 
include very little limestone. The strata of the Devonian sys­ 
tem are chiefly red conglomerate and sandstone. Volcanic 
rocks are interbedded with the strata of every formation of

a Bailey, L. W., On some relations between the geology of eastern Maine 
and New Brunswick: Roy. Soc. Canada Trans., vol. 7, sec. 4, pp. 57 et seq., 
1889.

6 Smith, G. O., and White, David, The geology of the Perry Basin, in 
southeastern Maine: U. S. Geol. Survey Prof. Paper 85, 1905.

"Ells, R. W., Geology and mineral resources of New Brunswick: Canada 
Dept. Mines, 1907.

d Op. cit., p. 51.
6 Jour. G-eology, vol. 30, p. 561, 1912.



both systems and constitute a greater part of the volume of 
several formations than do the detrital sediments. They include 
flows and associated tuffs of many varieties, and their associa­ 
tion with each other and with the sedimentary rocks is 
extremely irregular. The rocks comprise also igneous intru- 
sives of several sorts, chiefly diabase.

The Quaternary deposits include till, marine glacial gravel, 
and marine clay of Pleistocene age as well as alluvial deposits 
of Recent age.

As the volcanic rocks are so intimately interbedded with the 
sedimentary rocks that they are essentially part of the forma­ 
tions the two will be described together. The intrusive rocks 
that have been separated in the mapping will be described 
separately.

SILURIAN SYSTEM. 

QUODDY SHALE.

Definition. The Quoddy shale, the oldest formation of the 
Eastport quadrangle, is composed chiefly of shale, some por­ 
tions of which are slaty or even schistose, but contains minor 
amounts of volcanic rocks. It is named from West Quoddy 
Head, the easternmost point of land in the United States, where 
the rocks are well exposed. It crosses into Canada and is well 
exposed on the island of Campobello.

The thickness of the formation is not known, but its uniform 
character throughout considerable areas indicates that it may 
be several thousand feet thick.

Distribution. The formation outcrops not in large, continu­ 
ous areas but in small, disconnected patches separated by bodies 
of intrusive rock. Its distribution inland can not be determined 
accurately because of the scarcity of exposures in the lowlands. 
It occurs principally in a belt several miles wide lying south­ 
east of ;a line drawn from Lubec to Whiting, where the coun­ 
try is a succession of low hills, chiefly of diabase, separated by 
lowlands that are generally covered by swamp deposits or by 
marine clay and are nearly everywhere heavily forested. Some 
bodies of Quoddy shale may underlie the lowlands, but they do 
not outcrop and hence can not be mapped. The relations are 
probably somewhat more intricate than those shown on the map, 
the rocks comprising more sedimentary deposits and less diabase. 
Along the shore, however, exposures are nearly continuous from 
Woodward Point to the southern border of the quadrangle, 
and the map of this region shows the diabase and the sedimen­ 
tary rocks in true proportion.

The formation occurs also in the extreme northwest corner 
of the quadrangle, near Ayers Junction, and is excellently 
exposed on the eastern slope of Mount Tom, especially in the 
railroad cuts near Pennamaquan Lake.

Not much is known regarding the distribution of the Quoddy 
shale outside the Eastport quadrangle. The main belt of the 
formation has not been definitely traced south of Moose Cove, 
but to judge from the early descriptions by Jackson0 its 
altered sediments and the accompanying diabase extend south- 
westward to Cutler and possibly to Cross Island. On the 
Canadian side its sediments and the associated diabases have 
been traced by the writer's reconnaissance over much of the 
island of Campobello, only small areas being occupied by pos­ 
sibly younger rhyolite. The shale is well exposed along the 
shore of that island from the mouth of Harbor de Lute to East 
Quoddy Light and shows the same northeasterly strike and 
steep dip that prevails on the Maine side. The formation 
probably also occupies part of Deer Island.

Character. The shale of the Quoddy formation is, as a rule, 
readily distinguished from the other sedimentary rocks of the 
region by its hardness and by its nearly total lack of fossils. 
It is prevailingly thick and even bedded, fine grained, and 
highly quartzose. Where the quartz is very abundant the 
rock in some places becomes an argillaceous quartzite; and on 
the other hand where its clayey constituent largely predomi­ 
nates it is softer and more like the later black shales of the 
area. Some of its beds are slightly calcareous, but it includes no 
true limestone. It contains at some places abundant rounded 
segregations or nodules, slightly more calcareous than their 
matrix, the largest of which, found at Woodward Point, have 
a diameter of 18 inches. Considerable portions of the shaly 
phases of the formation are probably composed of the fine 
detritus of volcanic rocks, but the material is not recognized as 
such because of its fine comminution and subsequent alteration.

The prevailing colors on fresh surfaces are blue-gray and 
purplish gray. The more calcareous beds are lighter gray 
and the highly argillaceous beds are generally dark gray 
or black. Greenish tints appear here and there. Bedding, 
though ordinarily recognizable, is not as a rule very prominent 
because of the induration of the beds and their evenness in 
grain and color. Only where quartzose layers alternate with 
calcareous or highly argillaceous lenses or layers is the bedding 
conspicuous.

In many places the rock shows no cleavage; it breaks with 
a conchoidal fracture as 'readily in one direction as in another. 
In other places it has even and regular joint planes, which,

"Jackson, C. T., First report on the geology of the State of Maine, pp. 
36-37, 1837.
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where closely spaced, simulate cleavage or even schistosity. 
Close jointing is generally found only where shearing has been 
most severe; as a rule it is best developed in the argillaceous 
beds. In a very few places, as along the shore south of the 
inlet at South Lubec, a schistlike structure appears, but micro­ 
scopic study shows that it is mainly the result of very closely 
spaced fracturing and is due only in slight degree to recrys- 
tallization.

The volcanic rocks include both flows and tuffs, chiefly of 
rhyolite, with a   little diabase. In color the fresh rhyolite 
ranges from light gray to purplish gray; the weathered rock 
from nearly white to buff. Some phases show flow structure, 
and the massive types are in places porphyritic. Three speci­ 
mens of the rhyolite of the Quoddy formation when examined 
microscopically showed no features that especially differentiate 
them from some of the later rhyolites. They are commonly 
much recrystallized, the recrystallization having been accom­ 
panied by the development of secondary quartz, calcite, and 
some chlorite.   ,  

A small patch of much-altered diabase, in places highly 
amygdaloidal, is associated with the rhyolite about half a mile 
northwest of Ayers Junction. Another mass, also amygda­ 
loidal and evidently a flow, occurs at the southern edge of the 
quadrangle, about half a mile east of East Stream and is bor­ 
dered by intrusive diabase.

The volcanic rocks are so closely associated with the shale as 
to leave little or no doubt of their contemporaneous origin. 
On the eastern slope of Mount Tom rhyolite showing flow 
structure is conformable in trend with the Quoddy shale near 
by, and some of the finer phases of the tuff have the same 
purplish tint that characterizes the shale. A few beds of the 
shale contain numerous fragments of rhyolite. On the other 
hand, many of the fresher phases of the rhyolite are indis­ 
tinguishable from the rhyolites of some of the later formations 
and possibly some of them are intrusive or are small remnants 
of later volcanic rocks.

Fossils. At only a few localities has the formation yielded 
fossils, and even at those places they are not abundant and are 
poorly preserved. Most of them have been somewhat distorted 
by the shearing of the rocks. The localities at which fossils 
have been found are indicated on the areal-geology map.

The species named below (illustrated in PL XVI, figs. 1-12) 
were collected at the localities indicated:

On the north shore of West Quoddy Head, east of the life-saving station, 
from quartzose shale underlying an 8-inch calcareous layer:

Orinoid stems, small.
Plectamtoonites transversalis (Wahlenberg).
Leptsena rhomboid alis (Wilckens).
Schuchertella subplana (Conrad).
Of. Dalmanella elegantula (Dalrnan).
Pentamerus of. oblongus Sowerby, with size and proportions of P. 

pesovis (Whitfleld).
Atrypa reticularis (Linne") cf. A. nodostriata Hall.
Anoplotheca cf. barrandei (Davidson).
Spirifer crisp us Linne* cf. S. stamiiiea Hall.
Spirifer radiatus Sowerby cf. S. nympha Billings.
Orthoeeras sp. indet.

In a shaly parting that lies a few inches below the stratum mentioned 
above:

Monograptus sp. indet. cf. M. clintonensis Hall. 
Along the South Lubec shore at Woodward Point:

Favosites sp. indet. 
At Woodward Point and farther north, at some places, traces of 

Monograptus sp. indet.
Orthoeeras sp. indet.

In the northwestern part of the quadrangle, in railroad cuts on the 
southeast flank of Mount Tom:

Monograptus sp. indet.
Orthoeeras sp. indet.

Correlation and age. All the species from the Quoddy shale 
which have been identified are recorded from the Woolhope 
and Wenlock limestones of England and Wales, which are of 
middle Silurian age. All but one are found in the Ordovician 
as well as in the Silurian, and two range upward into the 
Devonian. The evidence as it stands indicates that the fauna 
is not later than that of the Wenlock shale, the highest zone 
at which Plectambonites transversalis is recorded in the Shrop­ 
shire section by Davidson.0 The fossils are few and imperfect 
but suggest that the Quoddy shale is of Silurian age and is to 
be correlated with the lower part of the Wenlock of Great 
Britain.

Were the graptolites of the formation well preserved they 
would aid greatly in determining the stratigraphic position of 
the formation. Recent studies have shown that species of 
Monograptus are precise horizon markers in Silurian faunas 
throughout large areas abroad, but unfortunately the Mono­ 
graptus found in the Quoddy shale is too poorly preserved for 
specific identification.

Relations. The formation has been invaded by masses of 
igneous rock of several sorts which are described under the 
heading "Igneous'rocks." The strata have been greatly dis­ 
turbed and in places altered by the intrusive masses. At 
several places near contacts the shale is altered to hornstone 
and its bedding is much obscured, but it nowhere contains 
conspicuous typical contact-metamorphic minerals. The shale 
occurs in relatively small masses bordered by the igneous rocks,

"Davidson, Thomas, A monograph of the British fossil Brachiopoda, 
vol. 5, Silurian and Devonian supplements, p. 74, 1882.

and because of the disturbance and distortion of the strata, the 
rarity of fossils, and the absence of regular lithologic varia­ 
tions, it was not possible to correlate the beds of neighboring 
areas. Even in a single mass of shale the beds are commonly 
so much folded and faulted, or so much cleaved, that their 
sequence is very obscure.

The main area of the Quoddy shale is separated from the 
later Silurian formations by the Lubec fault zone. (See areal- 
geology map.) The same stresses that produced ' the fault­ 
ing probably also produced much of the close jointing and 
schistose-like structure in the shale. The Mount Tom area 
also is separated from the later formations by a fault, the posi­ 
tion of which can not be accurately determined because of the 
lack of outcrops.

DEBTNYS FORMATION.

Definition. The Dennys formation comprises a succession 
of volcanic rocks of several sorts and a few small interbedded 
masses of fossiliferous strata. The name is taken from Den- 
nysville, near which rocks of the formation are well exposed. 
The thickness of the formation is unknown.

Distribution. The formation occupies an area extending 
nearly the whole length of the west side of the quadrangle, 
from Ayers Junction to Orange Lake, and having a maxi­ 
mum width east and west of about 4J miles in the latitude, of 
Edmunds village. Its extent west of the quadrangle is wholly 
unknown.

Except in small areas near Dennysville and Edmunds the 
territory underlain by the formation is densely wooded and 
the rock exposures are rather scattered. Detailed relations 
that can be worked out along the shore and in cleared areas 
are lost when the attempt is made to trace them into the 
wooded areas. The best exposures are along the road from 
Dennysville to Burnt Cove School, about the shore of Duck 
Harbor, and in Dennysville.

Character. The principal rock of the formation is rhyolite, 
of several types, occurring as flows and tuffs. Interbedded 
with and otherwise closely associated with the rhyolite are 
several varieties of andesite, also in flows and tuffs. Diabase 
flows and tuffs also occur but are of relatively minor impor­ 
tance. The effusive rocks have been disturbed by the intru­ 
sion of masses of diabase and of andesite and possibly also of 
rhyolite.

Gray rhyolite. The commonest rock of the formation is 
gray rhyolite. The flows are not prominent, but the associated 
tuffs form a large part of the formation and are particularly 
well exposed along the railroad from Dennysville station to 
Wilson Stream, about Dennysville village, and especially along 
the shores of Duck Harbor. Flows were observed at a num­ 
ber of localities near Dennysville and in the woods between 
Dennysville and Roaring Lake. In color the rock of the flows 
ranges from light gray to dark greenish gray. Some phases 
are aphanitic and horny-appearing throughout, and others 
have abundant phenocrysts of white feldspar, the largest an 
eighth of an inch in diameter, in an aphanitic groundmass. 
A specimen which was obtained from a point about a mile 
west of Crane Mountain and which appears fairly represent­ 
ative of the porphyritic type showed under the microscope a 
microgranular groundmass composed mainly of feldspar and 
quartz, through which are scattered phenocrysts of orthoclase. 
Epidote, zoisite, and chlorite are common decomposition 
products.

The gray rhyolitic tuff is made up largely of fragments of 
greenish-gray to blue-gray aphanitic rhyolite, in many places 
associated with fragments of purplish andesite and of pink 
rhyolite. The matrix may be composed in the main of mate­ 
rial similar to the larger fragments, but it generally contains 
broken phenocrysts of quartz and feldspar, most of which range 
in diameter from one-sixth to one-eighth inch. The local 
abundance of these phenocryst fragments is a noteworthy 
feature of this tuff. A typical specimen of the tuff, collected 
along the railroad about 1-j miles north of Dennysville station, 
when examined under the microscope, showed numerous frag­ 
ments of finely microgranular rhyolite and a few that are 
probably andesite. In the matrix fragments of phenocrysts 
of quartz and orthoclase are numerous. The rock is much 
altered, chlorite in particular being abundant.

The most abundant phases of the tuff are fine grained and 
include few fragments that are more than an inch in diameter, 
but coarse phases whose larger fragments are 3 feet in diameter 
occur along the south shore of Duck Harbor and at the north 
entrance to the next inlet south of Duck Harbor. At the former 
locality the tuff, made up of fragments of gray rhyolite, greenish- 
gray augite andesite, and pink rliyolite porphyry characteristic 
of the Dennys formation, includes a thin shale lenticle contain­ 
ing abundant fossils.

Pink and brown rhyolite. Another type of rock that is very 
abundant in this formation is a rhyolite porphyry which on 
fresh surfaces ranges in color from dark salmon to purplish 
brown and which commonly weathers salmon-pink. Most of 
the phenocrysts are of pink orthoclase, though rarely some 
of quartz are present. Under the microscope representative



specimens of these rocks show no unusual features. They are 
typical rhyolite with phenocrysts of orthoclase and much quartz 
in the groundmass. Even in those specimens that appear 
freshest much secondary chlorite and calcite have developed. 
In certain flow-breccia phases the fragments are of the usual 
pink type, but the matrix is dark greenish.

This rhyolite occurs as flows, with associated tuffs, and prob­ 
ably also as intrusive masses. It is particularly abundant in 
the wooded country near the east shore of Rocky Lake and 
between Orange Lake and Western Pond and occupies a large 
continuous area from 1 to 1^- miles south of Duck Harbor. 

( The area last mentioned is the most accessible for study, but 
good exposures occur also along the shores of the inlet next 
south of Duck Harbor and along the wagon road near the 
inlet. On the 140-foot hill about three-quarters of a mile 
south of Duck Harbor there is an exposure of the contact 
between the massive pink rhyolite and a series of well-bedded 
gray rhyolite and diabase tuffs, which strike N. 40°-45° W. 
and dip about 30° NE. The contact cuts across the tuff beds 
at various angles, in places as much as 60°, though its general 
trend is N. 10° W. The rocks are completely welded along 
the contact. The pink rhyolite becomes greenish next the con­ 
tact, shows flow brecciation, and has picked up small fragments 
of the tuffs. The inclosed tuff fragments are so ragged and 
irregular as to suggest that the tuff was unconsolidated when 
picked up. The crosscutting, the welded contact, and the uni­ 
formity of the rliyolite composing this mass suggest that it is of 
intrusive origin. If so, its intrusion must have taken place in 
Dennys time, for at the north entrance of the inlet next south 
of Duck Harbor the main mass of the rhyolite is overlain by 
coarse agglomerate containing numerous fragments of the rhyo­ 
lite. This agglomerate is a part of the gray rhyolite tuff series 
already described and is plainly of Dennys age. Though 
some parts of the pink rhyolite may be intrusive other parts of 
it probably formed flows, for they bear delicate flow lines.

Mottled pinlc and gray rhyolite. Some of the rhyolite of 
the Dennys formation is more or less intermediate in character 
between the pink and the gray types already described. It is 
exposed at many localities near Dennysville and is found here 
and there throughout the formation. It is commonly though 
not invariably porphyritic, with a groundmass ordinarily mot­ 
tled pinkish brown and greenish gray. Flow-breccia phases 
show salmon-red or brownish-red fragments in a greenish-gray 
matrix and in the tuff there is a similar contrast between pink 
fragments and green matrix. In mineral character the rock is 
typical rhyolite and is probably closely related in origin to the 
pink rhyolite of this formation.

Purple rhyolite. Certain rhyolite porphyries occurring 
especially in the region between Orange Lake and Western 
Pond are dark bluish purple in color because of an abundance 
of iron oxide finely disseminated through the matrix. They 
are very similar in appearance to some of the purple andesite 
of this formation but are probably related genetically to the 
pink rhyolite.

Pyroxene andesite. The pyroxene andesite ranges from light 
greenish gray to dark grayish or purplish green, the darker 
tones predominating. It is generally porphyritic, its common 
phenocrysts being feldspar, though at some places it contains 
phenocrysts of pyroxene and biotite. Its chief exposures are 
1 to 2 miles west and southwest of Edmunds, numerous excel­ 
lent exposures lying along the Dennysville-Burnt Cove road 
for 2 miles north from Burnt Cove School. Especially good 
exposures occur just west of the road on the 140-foot hill west 
of Littles Mountain.

The phenocrysts are considerably more abundant in some 
localities than in others. In some specimens the feldspar 
phenocrysts are less than a sixteenth of an inch across, though 
in others they reach a diameter of an eighth of an inch. They 
range in color from white or pinkish when fresh to gray or 
greenish when altered, and have the composition of andesine, 
ranging from Ab 50 An 50 to Ab 70 An 30 , most of them being 
nearer the latter. The more mafic (basic) varieties of the rock 
are marked also by an abundance of augite phenocrysts, the 
largest 1 millimeter in length, though most of them measure less 
than 0.5 millimeter. Augitic phases were noted and collected 
near Burnt Cove schoolhouse and on the 140-foot hill west of 
Littles Mountain. Porphyry collected at a number of other 
localities was probably augitic when fresh, but the augite is 
now wholly, replaced by secondary minerals. As the matrix is 
dark the augite phenocrysts are not ordinarily conspicuous. 
The groundmass is aphanitic and greenish gray to dark gray­ 
ish or purplish green and is composed of laths of feldspar, 
generally without regular arrangement' but having in places 
a subparallel orientation indicating flow movement during 
crystallization. Some of the lines of feldspar laths curve 
around the phenocrysts. The space between the laths is 
generally occupied by chlorite, grains or dendritic crystals of 
magnetite, and either epidote or leucoxene. In the most mafic 
types the groundmass contains small grains of augite.

The pyroxene andesite shows, on weathering, dark-brown 
surfaces very similar to the weathered diabases. All the speci­ 
mens when examined microscopically show notable alteration of

both groundmass and phenocrysts. The principal secondary 
minerals are chlorite, epidote, and a carbonate, probably calcite. 
In a few specimens replacement, starting with phenocrysts as 
nuclei, was carried outward into parts of the surrounding 
groundmass, forming rounded masses of chlorite or chlorite and 
epidote which give the hand specimen a pseudo-amygdaloidal 
appearance.

In the field some representatives of the augite andesite series 
are with difficulty distinguished from certain diabases, and 
others resemble certain phases of the gray rhyolite.

The pyroxene andesite occurs in the upper part of the 
Dennys formation, mainly as flows, tuffs being rare. In 
many exposures the rocks appear to be massive, in others they 
show distinct flow lines trending a little west of north. The 
excellent exposures on the 140-foot hill west of Littles Moun­ 
tain are in some places amygdaloidal and in others show 
beautiful flow-breccia structure, the dark grayish-green por­ 
phyritic fragments lying in a light-gray felsitic matrix. Other 
phases of this flow breccia contain purplish-gray porphyritic 
fragments in an Indian-red and aphanitic matrix. The matrix 
weathers in relief and shows flow lines.

Purple andesite.-  Dark-brown to purplish andesite porphy­ 
ries form a considerable part of the Dennys formation in the 
region between Edmunds and Dennysville. The best expo­ 
sures may be seen in the fields a quarter of a mile south of 
Edmunds village, on the 100-foot hill just south of the 
entrance to Duck Harbor, and in the eastern part of Dennys­ 
ville village.

In general the rock is porphyritic, containing feldspar 
phenocrysts less than an eighth of an inch across, though a 
few have a diameter of a quarter of an inch. They may be 
numerous or scattered and in some specimens, because of altera­ 
tion, they are inconspicuous. The groundmass is aphanitic 
and ranges in color from greenish gray and purplish gray to 
Indian red and nearly black.

When studied under the microscope these rocks are found 
to be much altered. The groundmass shows abundant feldspar 
laths, whose subparallel arrangement indicates flowage. The 
other components of the groundmass are secondary chlorite, 
calcite, and leucoxene (?). Some phenocrysts are well enough 
preserved to be identified as andesine, but most of them are 
extensively replaced by epidote, calcite, and chlorite.

Flow-breccia structure is well developed in this andesite on 
the 100-foot hill south of the entrance to Duck Harbor. Most 
of the fragments in this breccia show well-developed flow lines 
and some contain spherulites. Andesite that exhibits very 
perfect flow lines also occurs in the woods about a mile 
southwest of Edmunds village, and there can be no reason­ 
able doubt as to the effusive character of the types of andesitic 
rock described above.

In the woods south of Dennysville village and in the eastern 
part of the village there is purplish andesite which appears to 
be entirely massive, showing little or no trace of flow lines, 
flow brecciation, or other like features. It is possible that 
some of these masses may be of intrusive origin, but in the 
absence of exposed contacts such an origin can not be defini­ 
tively affirmed.

Diabase. The most mafic rock of the Dennys formation is 
typical diabase, which occurs in isolated areas in that part of 
the formation which lies south and east of Dennysville. The 
flows and tuffs are commonly closely associated and are not 
separated on the map.

The flows are best exposed in the open fields half a mile 
southwest of Edmunds village. The flow here is the largest 
observed and has a thickness of 400 to 500 feet. It ranges in 
color from dark green to nearly black and contains scattered 
phenocrysts of labradorite, the largest a quarter of an inch 
across. Most of the rock is highly amygdaloidal, and that 
near the base of the flow shows flow-breccia structure. The 
fine flinty matrix in the flow breccia is commonly light 
greenish gray, but in places it is terra-cotta colored.

Diabase tuff, well exposed, underlies and overlies the flow 
just described. That beneath has been disturbed by the flow. 
Diabase tuff is also well exposed on the 140-foot hill 1 mile 
south of Duck Harbor, where it is distinctly bedded.

Both tuffs and flows are much altered, the alteration having 
formed the. usual secondary minerals. Finer phases of the 
diabase tuff weather like trap.

Sedimentary rocks. Detrital sediments are extremely rare in 
the Dennys formation. At Duck Harbor thin-bedded light 
greenish-brown fossiliferous shale forms a small lens in volcanic 
tuff. The fossiliferous rock outcropping at the lower end of 
Rocky Lake, at Hall's Mill, just outside the quadrangle, is a 
greenish-gray fine-grained massive tuff containing only a few 
fossils. Near it, though not actually in place, is a light-gray 
calcareous conglomerate containing the same species of fossils 
that are found in the tuff, with numerous fragments of coral 
and other fossils. The corals are apparently worn and rolled 
and are slightly distorted by crushing.

Fossils, age, and correlation. Fossils have been found in 
the Dennys formation at two localities described in the preced­ 
ing paragraph and indicated on the areal-geology map.

The following forms have been identified and are figured in 
Plate XVI, figures 13-31:

Beyrichia maccoyiana Jones var. 
Beyrichia spinulosa Boll var. 
Bilobites bilobus (Linne"). 
Bollia bicollina Jones. 
Cytherella concinna Jones. 
Cytherella concinna var. ovalis

Jones. 
Dalmanites longicaudatus Mur-

chison. 
Of. Leptaena laevigata (Sowerby).

Of. Leptsena minima var. grayii
Davidson.

Lingula cf. oblata Hall. 
Cf. Orthis eqnivalvis Davidson. 
Plectambonites transversalis

(Wahlenberg). 
Pterinea sp. indet. 
Skenidium lewisi Davidson. 
Spirifer crispus (Hisinger). 
Cf. Streptelasina calicula Hall.

The only division of the Silurian system of England and 
Wales in which all the species listed above are reported to occur 
is the Wenlock, of middle Silurian age. The data available 
show that the Dennys formation is of Silurian age and that its 
fauna should be correlated with that of the lower Wenlock of 
Great Britain.

Relations. The lower limit of the formation is not known. 
Its contact with the Quoddy shale in the northwest corner of 
the quadrangle is not exposed but is almost certainly a fault. 
Its upper limit has been fixed only approximately by means of 
structure and lithology rather than by means of fossils, which 
are found in the formation only at two widely separated locali­ 
ties. In the southern part of the quadrangle the rocks of the 
formation are fairly concordant in strike with those of the 
overlying Edmunds formation and no marked break in strati- 
graphic succession is apparent between the rocks at Hall's Mill, 
just outside the quadrangle, which contain fossils probably of 
Dennys age, and those at the east end of Orange Lake, which 
contain typical Edmunds fossils. Even in that part of the 
quadrangle, however, the boundary may be an unconformity 
or a fault, as it is in the region between Burnt Cove School and 
Ayers Junction. The irregularity of the upper boundary is 
increased by a number of later faults which cut across and 
displace it.

Most of the Dennys formation was probably formed on a 
land surface, a probability indicated by the scarcity of its 
detrital sediments in comparison with those of the later forma­ 
tions and by the unassorted character of most of its tuffs.

EDMUNDS FORMATION.

Definition. The Edmunds formation comprises a series of 
alternating beds of shale and deposits of volcanic rocks of 
several sorts. It is named from the village of Edmunds, near 
which the rocks are well exposed. The thickness of the for­ 
mation can not be accurately measured but is estimated to be 
2500 to 3000 feet.

Distribution. The formation occupies a continuous belt 
extending from a point about 4 miles north of Dennysville 
southeastward to Edmunds, thence southward to the mouth of 
Orange River, and southwestward along the valley of that 
stream, leaving the quadrangle at its southwest corner. At its 
north end and in the southwest corner of the quadrangle the 
belt is rather less than a mile wide, but near its middle, in the 
general latitude of Straight Bay, it is about 4 miles wide.

The rocks of the formation are exposed almost continuously 
about the shore of Straight Bay and along the lower courses of 
Dennys and Orange rivers. Scattered exposures occur north, 
west, and southwest of Whiting, where the country is densely 
wooded and where the details of the structure can be only in 
part worked out.

Character. The most abundant rock of the Edmunds for­ 
mation is rhyolite, both gray and red, which forms flows and 
associated tuffs. The next most abundant rock, found in an 
area extending from Field Point northward, is purplish-red 
andesite, also occurring as flows and tuffs. Southwest of 
Field Point andesite is rare, its place being taken by diabase 
flows and tuff. Tuff of intermediate character contains frag­ 
ments derived from two or all of these kinds of rock. Most of 
the detrital sedimentary rock of the formation is shale.

The frequent alternation of rocks of different kinds that 
characterizes much of the Edmunds formation is shown in 
figures 2 and 3. It is manifestly impracticable to show all 
such variations on a map of the scale used in this folio.

FIGURE 2. G-eologic section of a part of the Edmunds formation on Hallo- 
well Island.

1. Amygdaloidal andesite flow, purplish red to green.
2. Dark purplish-red andesite tuffs.
8. Purplish-red andesite flow showing flow-breccia structure; fragments show flow lines and 

are inclosed in a dark terra-cotta jaspery matrix; some fragments are 3J4 feet across.
4. Tuff made up of fragments of dark-red and gray rhyolites.
5. Dark-red rhyolite tuff.
6. Mottled yellowish-green and purplish-red rhyolite porphyry flow; shows flow lines and is 

locally a flow breccia.
7. Fine-grained tuff of purplish-red and yellowish-green rhyolite fragments.
8. Purplish-red rhyolite tuff.
9. Rhyolite porphyry flow showing phenocrysts of both feldspar and quartz, color variable, 

ranging from greenish gray to purplish red.
10. Tuff of dark-red rhyolite; some fragments are a foot in diameter.

Gray rhyolite. The gray rhyolite of the Edmunds forma­ 
tion is not greatly different either~*in general appearance or in 
microscopic character from the rhyolites of the older or the 
younger formations. It occurs as flows and tuff, and in some 
places as small dikes, but so far as known it does not assume



stocklike forms. The rock of the flows ranges in color from 
very light gray to- nearly black but is commonly a somewhat 
greenish or brownish dark gray. Texturally it ranges from 
aphanitic rocks to porphyries containing phenocrysts of feld­ 
spar, and in places also of quartz, in an aphanitic groundmass. 
When seen under the microscope most of the aphanitic phases 
appear to be rather coarsely microcrystalline, though some 
are so finely microgranitic as to suggest a devitrified glass.
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FIGURE 3. Sketch section showing the succession of beds of the Edmunds 
formation near the south end of Roaring Lake.

1, Rhyolite flow; 2, diabase flow; 3, diabase tuff; 4, shales

A flow 200 to 300 feet thick on the north side of Timber 
Cove, Cobscook River, affords one of the best exposures of the 
very light gray nonporphyritic rhyolite.

The nearly black nonporphyritic variety was found at only 
one locality, on the east side of the long arm of Straight Bay 
near Crowe Neck School. The more common dark-gray phase 
of the rhyolite is well exposed on Hallowell Island. In the 
cove on the east side of the island a mass of gray porphyritic 
rhyolite grades into a purplish-red but otherwise similar phase, 
both being parts of the same flow. The red phase is similar 
in every way to the abundant flows, all red, described below, 
and this gradation shows that at least some of the red and the 
gray rhyolite came from the same source. The gray rhyolite 
from Hallowell Island contains phenocrysts of feldspar and 
less abundant rounded phenocrysts of quartz, the latter show­ 
ing embayments. These phenocrysts average 2 to 3 millimeters 
in diameter and lie in a greenish-gray aphanitic groundmass. 
The groundmass is subgranular and consists of quartz, feldspar 
(probably mainly orthoclase), epidote (probably a product of 
pyroxene alteration), and hematite (evidently derived from 
magnetite).

The tuff shows considerable variety, due mainly to the vari­ 
ous proportions in which pink and red rhyolite fragments are 
mixed with the gray. Some flinty-looking fragments are 
plainly devitrified volcanic glass. In places there is some 
admixture of fragments of purplish-red andesite. Coarse 
phases are rare, few fragments exceeding half an inch in 
diameter. Stratification is common and its regularity indicates 
that much of the tuff was water-laid; in many places the 
bedded tuff grades into fossiliferous shale composed largely of 
fine volcanic debris.

One type of tuff not observed in older formations is conspicu­ 
ous on the south side of Falls Point and on the west side of 
the small island off the mouth of Talbot Cove (in Straight 
Bay). The two localities are at about the same horizon in 
the formation. This tuff is composed chiefly of small crystals 
of orthoclase, generally 2 to 3 millimeters in length, most 
of which are not rounded but have perfect crystal faces. 
Although more or less mixed with cherty rhyolite fragments, 
most of the feldspar crystals are neither inclosed by nor 
attached to any rhyolitic material but lie free in a dark clastic 
matrix. Quartz crystals are rare. This feldspathic tuff forms 
beds several feet across, which are so uniform and massive in 
appearance as to be easily mistaken for granite. Both at Falls 
Point and at Talbot Cove the tuff grades by increase in the 
proportion of matrix into black shale. The shale is rather 
irregularly associated with the more feldspathic part of the 
rock, as if both had been somewhat disturbed while still 
unconsolidated. At the locality near Talbot Cove the feld­ 
spathic tuff grades into coarser tuff containing some fragments 
of rhyolite an inch in diameter.

The origin of this peculiar variety of tuff is difficult of 
explanation. The feldspar crystals were doubtless originally 
the phenocrysts of a porphyritic rhyolite, but it is not easy to 
see how the phenocrysts were freed from their matrix and 
aggregated into thick beds. Possibly these beds may have been 
built up through weathering on a land surface, the soil formed 
being washed into the sea and the phenocrysts separated from 
the decomposed matrix by the action of currents and waves. 
This explanation, however, is rendered improbable by the fact 
that the feldspar crystals and the associated fragments of vol­ 
canic tuff are fresh and angular. A more plausible explana­ 
tion may be that actual showers of phenocrysts occurred 
during the volcanic eruptions. The porphyritic character of 
many of the flows shows that the lava in the throat of the 
volcano from which they flowed was also porphyritic. In an 
explosive eruption of a molten mass crowded with phenocrysts 
the feldspar crystals will probably be more or less completely 
separated from their matrix, and if winnowed by the wind dur­ 
ing their course through the air or if sorted by waves they 
may form thick beds, composed almost wholly of phenocrysts.

Red rhyolite. Reddish-gray to purplish-red rhyolite, com­ 
monly porphyritic, is one of the most abundant rocks of the 
Edmunds formation. Some phases are so dark that they closely
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resemble the purplish andesite and unless they contain quartz 
phenocrysts they can not readily be distinguished from that 
rock in the field. As a rule, however, they are somewhat 
lighter colored and more lustrous along fresh fractures than the 
andesite.

The best exposures are along the shore near Edmunds, along 
the shore north of Mount Dorcas, and near the north shore 
of the inlet of Wilson Stream. Others occur along the wagon 
road about a quarter of a mile south of Edmunds and along the 
Pembroke-Dennysville road nearly due south of Eastman 
Hill.

Typical specimens of the rock of the flows have a cherty- 
looking purplish-gray to reddish-brown groundmass, through 
which are scattered abundant white or pink phenocrysts of 
orthoclase, which stand out in sharp contrast with their matrix. 
Some specimens contain rounded phenocrysts of quartz, which 
are in all specimens much less abundant than phenocrysts of 
feldspar. The diameter of most of the phenocrysts ranges 
from 2 to 3 millimeters. Under the microscope the feldspar 
phenocrysts are -s(een to be orthoclase. The groundmass is 
microgranular and consists mainly of orthoclase and quartz 
but includes fine grains of hematite, which form the coloring 
pigment. The groundmass shows no trachytic texture, such 
as was observed in some of the purplish andesite. The rock 
everywhere contains secondary minerals, the commonest being 
calcite, epidote, hematite, leucoxene, and sericite.

Certain small masses of pink rhyolite appear to be intrusive. 
On the shore north of the entrance to Ox Cove, for example, 
pink rhyolite, massive and so coarse that it is virtually a 
microgranite, contains fragments like those of the purplish tuff 
with which it is in contact. Rhyolite in similar relations was 
observed on the north shore of Youngs Cove. The inclusions 
are usually single fragments of andesite, not aggregates of 
fragments, suggesting that the tuff was not consolidated at the 
time the rhyolite was intruded. The rhyolite of Bar Island, in 
Cobscook River, is a massive microgranite and is possibly 
intrusive.

In general the tuffs of the series, though more variable than 
the flows, are characterized by an abundance of feldspar crys­ 
tals, which are attached to or associated with reddish cherty- 
looking fragments. At a few localities fragments of light 
salmon-colored rhyolite occur.

Andesite. Purplish andesite like that in the Dennys forma­ 
tion is interbedded with other rocks throughout the Edmunds 
formation, but as it can not be easily distinguished in the field 
from some of the dark-reddish rhyolite with which it is inter- 
bedded it has not been separately mapped. Flows of this 
andesite are finely exposed near Edmunds, on the point of land 
just west of Hallowell Island, and in the small cove three- 
quarters of a mile east-southeast of Mount Dorcas. Still finer 
exposures of the flows occur just south of the point where the 
Pembroke-Dennysville road joins the road that parallels the 
north shore of Wilson Stream and Cobscook River. Nearly 
all the flows observed are less than 100 feet thick. Good 
exposures of the tuff are more numerous, occurring at many 
points along the shore between Field Point on Cobscook River 
and Edmunds. The tuff is exceptionally coarse and well 
exposed at the eastern extremity of the Mount Dorcas penin­ 
sula and is also well exposed at many points along the north 
shore of Cobscook River from Ox Cove to Falls Island, espe­ 
cially on Wilbur Neck.

The flows of this andesite are prevailingly dark reddish or 
purplish brown, though in places they are greenish, resembling 
diabase. In places they exhibit to perfection the structures 
characteristic of surface flows. In a few localities, as on the 
point west of Hallowell Island, the rock is highly amygda- 
loidal. Similar outcrops on the shore three-quarters of a mile 
east-southeast of Mount Dorcas occupy nearly the same strati- 
graphic position in the formation. Many of the flows show 
finely preserved flow-breccia structures. The best exposures 
of such flow breccias occur just south of the point where the 
road to Ox Cove leaves the main Pembroke-Dennysville pike, 
where a flow about 30 feet thick strikes northwest and south­ 
east. Plate VI is a reproduction of a photograph of the rock 
at this point, which shows irregular fragments of purplish-gray 
andesite crowded with feldspar phenocrysts inclosed in a dark 
terra-cotta colored and very fine grained matrix. The fragments 
of the rock at this place are generally amygdaloidal and show no 
flow lines. At other places, as on the small island just north­ 
west of Hallowell Island, the fragments in the flow breccia are 
not amygdaloidal but bear well-developed flow lines. Varie­ 
ties showing well-developed flow lines but no brecciation are 
exposed on the shore southeast of Mount Dorcas, where there 
is an alternation of gray, purplish-red, and greenish phases, all 
apparently parts of a single flow.

The type exposure of the andesite tuff is on the shore at 
the extreme east end of the Mount Dorcas peninsula. The 
general tint of this tuff is dark purplish red, but the fragments 
are lighter than the matrix and show well-developed flow struc­ 
ture. Where exposed beneath the andesite flow on the point 
west of Hallowell Island the andesitic tuff ranges in color 
from purplish red to dark green and mottled red and green.

It contains few fragments more than half an inch across and 
is distinctly bedded. Bedding is usually recognizable in all 
the finer phases of the tuff, and its uniformity indicates that 
most of them were water-laid. The tuff is not as a rule purely 
andesitic but contains some fragments of rhyolite or diabase 
and in places grades into tuff composed largely of those rocks.

The coarser phases of the andesite contain feldspar laths, the 
largest 3 millimeters in length, lying in a fine-grained ground- 
mass. The same textures are recognizable under,the micro­ 
scope in the finer-grained phases. The feldspar laths are 
crowded together in profusion, the groundmass forming a 
relatively subordinate part of the rock. Though generally 
arranged very irregularly they show in places a subparallel 
orientation produced by flowage while the rock was becoming 
consolidated. The texture of specimens of this kind of rock 
resembles more closely that of diabase than that of rhyolite 
and some specimens are typically trachytic. The feldspars 
that were sufficiently fresh for determination show albite twin­ 
ning, with extinction angles ranging up to 20°, thus placing the 
composition of the feldspar at approximately Ab 65 An 35 
(andesine or oligoclase andesine). The groundmass in the 
fresher specimens contains augite crystals whose outlines are 
limited by the feldspars, showing that they crystallized later. 
The grains of magnetite bear a similar relation to the feldspar 
but in all specimens show much alteration to hematite, which 
is distributed in grains or in thin films along cracks in other 
minerals and colors the groundmass red. In some phases the 
groundmass is peppered with a great profusion of very minute 
grains of magnetite or hematite.

Other phases of the andesite exhibit textures very similar to 
certain associated rhyolites, phenocrysts of feldspar being 
scattered rather sparsely through a relatively fine grained 
groundmass having a felted texture. In these types the dark 
minerals are not visible to the naked eye but occur as minute 
grains scattered through the groundmass.

Most of the andesites contain the secondary minerals found 
in similar rocks, including calcite, chlorite, epidote, some 
zoisite, sericite, hematite, and rarely a little serpentine formed 
from augite. These secondary minerals show no unusual 
features requiring special description.

Diabase. Effusive diabasic rocks, though rare in the north­ 
ern exposures of the formation, are very abundant from 
Edmunds southwestward to Orange Lake. The flows and the 
tuffs are mapped separately. The northernmost occurrence of 
these rocks is between Dennysville and Mount Dorcas and 
their maximum development is in the hilly country west of 
Whiting. Some of the best exposures of the flows are near 
the south end of Roaring Lake, along the shore east of Little 
Mountain, and near the west shore of Burnt Cove. The tuffs 
are best exposed on the largest of the Bitch Islands, near 
Edmunds.

The flows display the usual features of diabase, being in places 
highly amygdaloidal and exhibiting flow-breccia bolster struc­ 
ture and other diabasic peculiarities. The flow west of Burnt 
Cove forms a low but continuous ridge for most of its length. 
Much of it shows flow brecciation, dark-green, relatively coarse 
grained amygdaloidal fragments being cut by stringers of blue- 
gray cherty-looking matrix, probably devitrified glass. The 
contact of the flow with overlying fossiliferous shale is well 
exposed, the diabase not being different in texture next the 
shale and the shale filling all the irregularities in the lava sur­ 
face, which here has a bolster structure. These relations 
signify that the contact is a normal sedimentary one and sug­ 
gest that the flow was submarine. Similar relations between 
a diabase flow and overlying rhyolite tuff were observed on the 
shore east of Littles Mountain. The upper surface of the flow 
forms irregular bulbous protrusions.

The diabase tuff exposed on the northernmost of the Bitch 
Islands weathers to form exceedingly ragged surfaces. Most 
of the fragments are less than an inch in diameter, but some are 
as much as a foot across. The occurrence here and there of 
typical cross-bedding indicates that they were water-laid.

Shale. The detrital sedimentary rocks of the Edmunds 
formation are almost entirely shale and mudstone, which, hav­ 
ing been easily eroded, now form or underlie lowlands. As 
the rocks of the lowlands are more obscured by glacial drift 
and marine clay than are those of the hills, exposures of the 
shale are relatively rare except along the shore, and the for­ 
mation therefore probably includes other masses of shale besides 
those mapped, especially the part of it that lies east of Orange 
Lake.

Greenish-gray mudstone having little or no shaly parting is 
especially abundant in the lower part of the formation. Much 
of it has a flinty appearance and breaks with a conchoidal frac­ 
ture almost as readily in one direction as in another. Micro­ 
scopic examination shows that it is made up largely of volcanic 
dust, though it contains a few fragments of phenocrysts of 
feldspar. The stratification of such masses is defined chiefly 
by differences in the color and grain of the separate beds, each 
of which may be wholly massive throughout a considerable 
thickness. Fossils are abundant in the mudstone only in some 
of the less massive layers.
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In the sediments of the upper part of the formation shaly 
parting is better developed and the stratification is more con­ 
spicuous. Some layers are calcareous, but the formation 
includes no true limestone. Tuifaceous layers are common in 
many places and grade into thick beds of stratified tuff.

Fossils, age, and correlation. Fossils are abundant in the 
shale of the Edmunds formation and many of them are well 
preserved. Seven of the best localities for collecting fossils are 
shown on the areal-geology map, and all the species figured 
in Plates XVII, XVIII, and XIX came from one or another 
of these localities. The following list includes the more char­ 
acteristic identified species:

Brachyprion shaleri Williams. 
Chonetes cobscooki Williams. 
Chonetes edmundsi Williams. 
Chonetes striatella (Dalinan).   
Chonetes cf. striatella (Dalman). 
Leptostrophia filosa (Sowerby). 
Meristina tumida (Dalrnan). 
Monomerella woodwardi (Salter). 
Palseopecten cobscooki Williams. 
Palseopecten danbyi (McCoy).

Palseopecten transversalis Wil­ 
liams.

Pentamerus galeatus (DaJmari).
Pterinea (Tolmaia ?) trescotti Wil­ 

liams.
Tolmaia campestris Williams.
Whitfieldella edmundsi Williams.
Wilsonia saffordi Hall.
Wilsoniajwilsoni (Sowerby).

All the species here specifically identified with described 
British species are found in the Wenlock limestone of Great 
Britain; only one occurs below the Silurian. Several appear 
in the Lower Ludlow and Aymestry limestones. The paleon- 
tologic and structural evidence indicates that the Edmunds 
formation is later than the Dennys formation.

The following species, not yet figured, also come from the 
Edmunds formation and throw further light on the correlation:

Rhipidoinella hybrida (Sowerby). 
Strophonella funiculata (McCoy). 
Rhynchotreta cuneata (Dalman).

Turbinolopsis bina Loiisdale. 
Rhynchonella borealis (Schlotheim).

All these species are recorded from the Wenlock limestone 
in Etheridge's list." Three of the species listed (Monomerella 
woodwardi, Rhynchotreta cuneata, and Rhynchonella borealis) 
are not recorded above the Wenlock limestone in Etheridge's 
list. Thus the full evidence correlates the Edmunds fauna 
with the British Silurian faunas of the Wenlock limestone, 
Lower Ludlow, and Aymestry.

The presence of peculiar species and the particular association 
of species of wide range and distribution indicate that the 
above faunas may be correlated with the British Silurian and 
that they do not show close relationship to Silurian faunas found 
in the interior of North America. The British faunas of the 
Wenlock and Ludlow in general are represented in the 
Niagara and later formations of North America. The fauna 
of the Edmunds, however, shows some affinity with that of the 
Cobleskill "Coralline" dolomite of New York and the Decker 
limestone of New Jersey, as well as with that of the Niagaran 
strata to which the New York State Survey has given the 
name Shelby dolomite. 7'

Relations.   The nature of the boundary between   the 
Edmunds and Dennys formations has already been discussed 
in the description of the Dennys formation. At its upper 
limit the Edmunds formation passes conformably into the 
overlying Pembroke formation. The upper boundary of the 
Edmunds can not at all places be positively fixed but is deter­ 
mined largely by paleontologic evidence. In the region west 
of Youngs Cove it is placed between the dark-gray shale that 
contains Pembroke fossils and the underlying purplish-red 
andesite and rhyolite. In the Long Cove region purplish tuff 
appears to persist upward for a short distance into the Pem­ 
broke formation. In the region southwest of Nutter Cove the 
boundary is uncertain on account of the scarcity of fossils, the 
beds being more or less sheared. In a part of this region the 
boundary is provisionally drawn at a large mass of diabase 
that seems to have been intruded, in some places at least, along 
a fault.

PEMBROKE FORMATION.

Definition. The Pembroke formation is a conformable alter­ 
nation of rhyolitic and diabasic volcanic rocks with gray and 
dark-red shales. It is named from the village of Pembroke, 
near which its rocks are well exposed. The sedimentary rocks 
in the formation southeast of Leighton Point show no marked 
lithologic differences from those of the earlier Edmunds for­ 
mation and are subordinate in amount to the volcanic rocks. 
Northwest of Leighton Point, however, the formation consists 
chiefly of two shale members, the lower of which is here named 
the Leighton gray shale, from Leighton Neck, and the upper 
the Hersey red shale, from Hersey Neck. The total thickness 
of the formation is about 6000 feet and that of the Hersey 
member is 2700 feet.

Distribution. The formation occupies a belt, 1 to 3| miles 
wide, lying just east of and roughly parallel to the belt formed 
by the Edmunds formation. It enters the north side of the 
quadrangle near Pennarnaquan Lake and extends southeast­ 
ward to the neighborhood of Federal Harbor, where it turns 
southward and south west ward and extends to the south side of 
the quadrangle near Crosby School.

"Etheridge, Robert, Fossils of the British Islands, vol. 1, 
& Williams, H. S., Correlation of the Paleozoic faunas of the Eastport 

quadrangle, Maine: Greol. Soc. America Bull., vol. 23, p. 354, 1912.

In the southern part of the quadrangle the shales of the 
formation are commonly somewhat sheared and slaty and have 
yielded no fossils. The formation in that area has therefore 
been mapped solely by noting lithologic features, and as even 
those have been somewhat modified by shearing the mapping 
is somewhat uncertain. Some rocks in the region southwest of 
South Bay that have been mapped as Pembroke may belong 
to the Eastport formation, and future studies may require some 
slight shifting of the boundary between the Pembroke and the 
Edmunds formations.

Character of the rocks. The Pembroke formation differs from 
the underlying Edmunds formation in containing no andesite 
and in including much thicker and more uniform masses of shale. 
The dark-red shale of the Hersey member is particularly char­ 
acteristic. Sedimentary rocks are in general more abundant 
in the part of the formation in Pembroke Township than in 
the part south of Cobscook Bay. The rhyolite of the Pem­ 
broke is not very different (from that of the adjacent formations. 
Flows of diabase and associated tuffs occur throughout the 
formation but do not cover areas as large as those they occupy 
in the overlying Eastport formation. As the tuffs and flows 
are nearly everywhere intimately and irregularly associated 
they are not differentiated on the map. In places the flows 
are difficult to distinguish from fine-grained, locally amygda- 
loidal phases of the intrusive diabase, some of which probably 
solidified close to the surface.

Rhyolite. The flows of rhyolite of the Pembroke formation 
include gray, pink, and dark-red to nearly black varieties. 
They are abundant southeast of Leighton Point but are not 
found northwest of it.

The gray rhyolite ranges when fresh from light yellowish 
gray to dark greenish gray and, exceptionally, nearly to black. 
Some varieties, as, for example, most of the types that show 
well-developed flow lines, are nonporphyritic; others are 
crowded with phenocrysts. The gray rhyolite is particularly 
well exposed on Denbow Neck west and southwest of Edge- 
come Point, where, near the north shore, flow lines, flow- 
breccia structures, and spherulites are well developed. The 
spherulitic structure is well shown on many weathered surfaces, 
as illustrated in Plate I, but microscopic examination shows 
that the original material of the spherulites ha.s been entirely 
replaced by quartz and calcite without destroying their out­ 
lines. The gray rhyolite is abundant in the vicinity of Bas- 
sett Creek and Federal Harbor and occurs in less abundance 
as far south as Yellowbirch Mountain.

An unusually fresh specimen found near Yellowbirch Moun­ 
tain contains pale-pinkish phenocrysts of feldspar, the largest 
three-sixteenths of an inch in length, embedded in a blue-gray 
aphanitic groundmass. Microscopic examination shows that 
most of the phenocrysts are orthoclase, only a few being oligo- 
clase. They lie in a microgranular groundmass of the quartz and 
feldspar. Some epidote, chlorite, and calcite have been pro­ 
duced by alteration. A nearly black phase of this rhyolite 
from a point near the head of Federal Harbor contains scat­ 
tered phenocrysts of orthoclase and some of sodic plagioclase 
embedded in a groundmass formed of a felt of quartz grains 
and orthoclase laths. The dark color results from an unusual 
abundance of minute grains of magnetite. Secondary chlorite 
and calcite are abundant and have completely replaced some of 
the phenocrysts.

Most of the dikes of gray rhyolite are darker within a few 
feet of their borders and black next to the contact. The 
microscope shows that this difference in color is due to an 
increase in the amount of magnetite and pyrrhotite.

Other rhyolites of the formation range in color from bright 
salmon-pink to brownish red, and are indistinguishable in 
general appearance from many of the rhyolites of the 
other formations. Flows of pinkish rhyolite containing well- 
developed spherulites are well exposed in the small cove a 
quarter of a mile west of Horan Head, some of the spherulites 
here being a quarter of an inch in diameter.

One of the most abundant types of rhyolite tuff contains 
angular fragments of aphanitic salmon-pink rhyolite and scat­ 
tered fragments of dark-red and gray rhyolite in a dark 
greenish-gray groundmass. Small outcrops of this tuff occur in 
Leighton Cove, but the main mass is on Denbow Neck, where 
it is conspicuously exposed on the ridge between the head of 
Bassett Creek and the head of Federal Harbor. Scattered expo­ 
sures occur on the east shore of South Bay and extend south- 
westward nearly to Whiting. At several localities this rhyolite 
tuff passes gradually into tuff composed mainly of diabase 
fragments, and in some of the coarser phases fragments of 
amygdaloidal or massive diabase are conspicuous among the 
more abundant fragments'of rhyolite. Most of the tuff of this 
type probably contains some fragments and dust of diabase, to 
which, in part, doubtless, is due the abundant development of 
green chlorite in the fine matrix. The groundmass in the 
specimens examined microscopically consists almost wholly of 
secondary quartz, chlorite, and calcite, only a few fragments of 
feldspar crystals being still preserved.

Gray rhyolite tuff is found in nearly every part of the 
formation, especially on Denbow Neck, but it is commonly sub­

ordinate to other types. In general the rhyolite tuff presents 
no features requiring special description. Some of the finer 
phases, though extensively altered, still show under the micro­ 
scope the characteristic structure of volcanic dust, being made 
up of fragments showing the concave outlines produced by 
conchoidal fracturing of glassy material.

Reddish and brownish rhyolite tuff occurs in all parts of the 
formation. Dark-red tuff outcrops in small areas on Denbow 
Point and about Leighton Cove. Much of the reddish tuff 
east and northeast of Whiting is of lighter color.

Tuff containing abundant feldspar phenocrysts derived from 
the porphyritic rhyolite, although occurring in the overlying 
and underlying formations, is particularly abundant in the 
Pembroke. Tuff of this character forms nearly all the rhyolite 
in that part of the formation lying northwest of Leighton 
Point and also outcrops in scattered places farther south, the 
exposures extending southward as far as Whiting. Excellent 
exposures occur between Pembroke and West Pembroke, espe­ 
cially along the river, and in this area one of the tuff beds 
forms the boundary between the Leighton gray shale member 
and the first red shale of the Hersey member. A number of 
excellent exposures occur on both shores of Pennamaquan 
River below West Pembroke. Tuff of this type is characteris­ 
tically greenish gray and contains abundant phenocrysts or 
fragments of phenocrysts of white or pink feldspar, the largest 
an eighth of an inch across, embedded in a fine greenish 
groundmass.

The rock in places contains fragments of gray or reddish 
rhyolite, and in certain small blotchlike areas the phenocrysts 
lie in a nearly black matrix of secondary chlorite, which has 
completely replaced the original matrix. Phenocrysts of quartz, 
most of them having a rounded outline, are less abundant than 
those of feldspar. In a few localities, as near Pembroke, below 
the Hersey red shale, the tuff has a dark-red color. On the 
shore about 1J miles west of Kelly Point, on Pennamaquan 
River, the feldspathic tuff contains irregular masses and lenses 
of dark-gray shale at its base and grades downward into beds 
of dark-gray shale. At one of these exposures on the north 
side of the river, about lij- miles below West Pembroke, tuff in 
which feldspar phenocrysts are abundantly and rather evenly 
distributed grades upward into phases in which phenocrysts 
and fragments of phenocrysts are scattered in irregular aggre­ 
gates through a fine-grained greenish-gray groundmass, which 
under the microscope shows the typical structure of volcanic 
dust. Microscopic examination shows that the phenocrysts 
and fragments of phenocrysts in this tuff are mostly orthoclase 
but include a few crystals of sodic plagioclase. Fragments 
of quartz phenocrysts also occur and show the embayments 
characteristic of quartz phenocrysts in rhyolite porphyry. The 
groundmass in ordinary light appears crowded with fragments 
having the typical concave outlines resulting from the con­ 
choidal fracturing of a volcanic glass. Under polarized light 
these fragments, being singly refracting, are not conspicuous.

A more typical specimen from the south shore of Pennama­ 
quan River about 3 miles below West Pembroke contains frag­ 
ments of feldspar and quartz and a few of aphanitic rhyolite, 
thickly and evenly distributed through a greenish-gray matrix.

Under the microscope the fragments of crystals appear to be 
unusually fresh. Orthoclase and quartz with embayments pre­ 
dominate, but there is here and there a crystal of sodic plagio­ 
clase. Small fragments showing the typical form of particles 
of volcanic dust are abundant in the groundmass, but under 
polarized light it is seen that their original glassy substance 
has been replaced by quartz. In some places the matrix is 
wholly replaced by chlorite. Here and there is a fragment of 
diabase carrying much secondary chlorite and calcite.

The color of certain dark-red phases of this tuff that lie 
just below the Hersey red shale member of the formation from 
Pembroke northwestward appears on microscopic examination 
to be due to the secondary development of minute grains of 
hematite in the groundmass, the iron being derived probably 
from the overlying red shale. Near Pennamaquan Lake the 
red feldspathic tuff contains lenses of red shale and passes 
upward conformably into the main body of Hersey red shale.

Diabase. Diabase flows and tuff are confined principally to 
that part of the Pembroke formation which lies northwest of 
the head of South Bay. Exposures are particularly abundant 
and instructive on Long Island and along the shore near Edge- 
come Point. The rocks are generally aphanitic and dark green 
to reddish brown and have all the structures that are com-
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FIG-URB 4 Geologic section of Pembroke formation across the two small 
points west of Edgecome Point, South Bay.

1, Shales; 2, intrusive diabase; 8, diabase flows; 4, diabase tuffs.,

monly found in diabasic flows. Descriptions of some of the 
structures observed near Edgecome Point in rocks that form 
part of the sequence shown in* figure 4 will serve as illustrations. 
Most of the diabase flows there exposed have more or less 
pillow 'or bolster shaped portions, which are highly amygda-



loidal at the center but become less so outward and are sur­ 
rounded by fine diabase without amygdules but with faintly 
defined flow lines curving somewhat about the amygdaloidal 
bolsters, though parallel in general to the trend of the flow as 
a whole. The common mineral of the amygdules is calcite, but 
they may contain also some quartz and chlorite. Flow-breccia 
structures in which angular fragments of normal coarseness and 
color lie in a matrix of lighter-colored cherty-looking diabase 
occur in places. Where the lower contact of one of these 
flows that lies on diabase tuff is exposed the flow is less amyg­ 
daloidal within 2 or 3 feet of the contact and then becomes, 
blacker and highly amygdaloidal within 2 inches of the tuff, 
many of the amygdules being arranged in bands parallel to 
the contact. The upper surface of a similar diabase flow near 
by shows conclusively that the tuff was deposited after the 
flow solidified. As shown diagrammatically in figure 5, the
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FIGURB 5. Sketch section showing well-bedded horizontal diabase tuffs 
deposited on the irregular surface of an amygdaloidal diabase, all in the 
Pembroke formation. Edgecome Point, South Bay.

amygdules of the flow bear no regular relations to the tuff 
contact, whereas the bedding planes show that the tuff when 
deposited filled all the minor irregularities in the surface of the 
flow. This contact is between the beds marked A and B in 
figure 4. These details of the structure show conclusively that 
the amygdaloidal diabases are flows and not intrusive masses. 
Nearly all the flows are most highly amygdaloidal in their 
upper portions, where the imprisoned gases could expand most 
freely.

The tuff interbedded with the diabase flows of the Edgecome 
Point region ranges in color from dark green to reddish brown 
and contains few fragments that are more than an inch in 
diameter. (See PI. II.) The ripple marks on the surface of 
some of the tuff and its interstratification with shale shows that 
some if not all of it was water-laid. At the end of Leighton 
Point brachiopods are embedded in a few narrow layers, 1 to 2 
inches thick, of tuff composed mainly of fragments of diabase, 
some of them 3 inches in diameter.

Most of the diabase tuff is rather fine grained, but coarse 
phases are well exposed at several points. At the north end 
of Long Island most, of the fragments are less than 4 or 5 
inches in diameter, though some are 2 to 3 feet across. Some 
of the amygdules there are 1 \ inches in diameter. Tuff in the 
cove just southwest of Black Head, Federal Harbor, contains 
fragments both of rhyolite and of diabase, the largest a foot 
across. Similar coarse tuff is exposed along Finnegan Brook 
a short distance east of the Lubec-Whiting road. Finer tuff 
that underlies a large diabase flow near this point has been 
baked for 2 to 3 feet from the contact, and the flow has picked 
up fragments of the tuff'.

An unusually fresh specimen of amygdaloidal diabase from 
the shore southeast of Edgecome Point shows under the micro­ 
scope a typical ophitic texture, the laths of feldspar being 
embedded in considerably larger crystals of augite of more or 
less rounded outline. The abundant amygdules are composed 
predominantly of calcite but include some chlorite. The few 
determinable feldspars show an index of refraction not far 
from that of balsam. They are probably in part at least albite 
or oligoclase, formed secondarily at the expense of original 
feldspar of more calcic composition, an alteration common in 
the diabases of this region. (See description of intrusive 
diabases.)

The diabase tuff of this formation is commonly completely 
altered to an association of secondary minerals, although vesic­ 
ular and diabasic textures are still recognizable in the frag­ 
ments. The feldspars are rarely determinable.

Leighton gray shale member. The Leighton gray shale 
member consists principally of bluish-gray shale distinctly 
stratified. It is thin bedded, in many places forming flag­ 
stones, and only here and there does it contain calcareous 
layers. Although there is no unconformity between the 
Edmunds formation and the Leighton member of the Pem­ 
broke formation, the character of the rocks as a whole indicates 
more continuous and more uniform sedimentation than that in 
Edmunds time. In many places the gray shale splits not only 
along bedding planes but also along a plane of incipient cleav­ 
age extending northeast-southwest, breaking into splinter-like 
fragments. Some of the beds are composed largely of fine 
volcanic d4bris, as is shown by their gradual passage into 
distinctly tuffaceous beds. In Leighton Cove layers of tuff 
containing fragments measuring half an inch in diameter are 
fossiliferous.

Hersey red shale member. The Hersey red shale member, 
though including some gray shale like that of the Leighton 
member, consists chiefly of purplish-red shale of very uniform 
character for considerable thicknesses. This shale contains 
some of the fossils that are characteristic of the Leighton mem­ 
ber, but the fauna is ordinarily restricted to species of the
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genera Leperditia, Platyschisma, and Grammysia, and a few 
species of ostracodes. Like the shale of the Leighton member 
it has in places a secondary cleavage with a northeast-southwest 
trend and a steep dip. The line between the two members is 
drawn at a layer of rhyolite tuff below which there is prac­ 
tically no red shale.

Fossils, age, and correlation. The shales of the Pembroke 
formation are abundantly fossiliferous at many localities. 
Seven of these that are particularly favorable for study are 
indicated on the areal-geology map and all the fossils figured 
in Plates XX, XXI, and XXII came from one or another of 
those localities.

The following is d list of the more characteristic species 
which have been specifically identified:

Acaste downingise (Murchison). 
Actinopteria bella Williams. 
Actinopteria dispar Williams. 
Actinopteria fornicata Williams. 
Bellerophon (Patellostium) expan-

sus Sowerby. 
Bellerophon (Plectonotus) triloba-

tus Sowerby. 
Bellerophon (Tropidodiscus) cari-

natus Sowerby. 
Calymene blumenbachi (Brong-

niart).
Camarotcechia leightoni Wil­ 

liams.
Chonetes bastini Williams. 
Cornulites serpularius var. belli-

striatus Hall.
Dalmanella lunata (Sowerby). 
Eurymyella shaleri var. minor

Williams.

Grrammysia pembrokensis Wil­ 
liams.

Grammysia cf. pembrokensis Wil­ 
liams.

Grrammysia triangulata (Salter).
Leiopteria sp. indet.
Lingula minima var. americana 

Williams.
Lingula scobina Williams.
Modiolopsis leightoni Williams.
Modiolopsis leightoni var. quad- 

rata Williams.
Nuculites corrugata Williams.
Orbiculoidea cf. morrisi (Davidson).
Orbiculoidea rugata (Sowerby).
Orthoceras cf. imbricatum Sow­ 

erby.
Palaeopecten danbyi (McCoy).
Pholidops implicata (Sowerby).
Platyschisma helicites (Sowerby).

The faunal differences between the Hersey and Leighton 
members have already been mentioned. All the species here 
identified with British species (except Orbiculoidea morrisi) are 
recorded in the Upper Ludlow of Great Britain. The Orbicu­ 
loidea is of a type that ranges still higher and its identification 
is not certain. Only two of the species go higher. The evi­ 
dence therefore points to correlation with the fauna of the 
Upper Ludlow of the Silurian of Great Britain.

Relations. The relations between the Pembroke and the 
underlying and overlying formations in the northwest part of 
the quadrangle are those of complete conformity. The bound­ 
ary between the Edmunds and Pembroke formations from 
Eastman Hill to Youngs Cove is drawn at the contact between 
dark-purplish andesite tuff characteristic of the Edmunds 
formation and gray shale bearing Pembroke fossils. Farther 
southeast, to Morong Cove, the boundary is drawn on paleon- 
tologic evidence.

The upper boundary of the formation in the region between 
Pennamaquan Lake and Sipp Bay is placed at the contact 
between dark-red shale containing Pembroke fossils and the 
overlying diabase tuffs and flows. A little higher stratigraph- 
ically the diabase is interbedded with shale containing Eastport 
fossils. On the north shore of Sipp Bay the red shale of the 
Hersey member passes upward with perfect conformity into 
diabasic tuff which is mapped as part of the Eastport forma­ 
tion. The transition takes place within a space of 3 feet, in 
which there is a series of alternate layers of tuff and red shale. 
Small lenses of purple shale lie a little above the base of the 
diabase series and one of them, 2 to 3 feet thick, was deposited 
upon the pillow-like surface of a diabase flow.

On the west shore of Seward Neck the upper boundary of 
the formation is drawn between small patches of shale contain­ 
ing Pembroke fossils and an overlying rhyolite that is closely 
associated with the limestone of Cooper Island which contains 
Eastport fossils. Rhyolite of that type is nowhere, so far as 
known, interbedded with sediments of the Pembroke formation.

EASTPORT FORMATION.

Definition. The Eastport formation comprises the latest 
Silurian rocks of the quadrangle and like the older formations 
includes several kinds of sedimentary and volcanic rocks. It is 
named from the city of Eastport, on Moose Island, where it is 
well exposed. Its thickness can not be exactly determined but 
is probably about 8000 feet.

Distribution. The formation occupies a belt, from 2 to 4 
miles wide, that extends from the north side of the quadrangle 
between Pennamaquan and Boyden lakes southeastward to 
Carlow, Moose, and Treat islands and Seward Neck. Some 
small masses of the formation, inclosed by diabase, lie along 
the west shore of Johnson Bay and others probably extend 
southward along the east side of South Bay nearly to West 
Lubec.

The sedimentary rocks are particularly well displayed on 
the north shore of Moose Island and on Carlow Island.

General character. The volcanic rocks of the formation 
comprise both rhyolitic and diabasic varieties, occurring as 
flows and associated tuffs. Some rhyolite that is probably 
intrusive is mapped as a part of the formation because it 
can not everywhere be distinguished from extrusive rhyolite. 
In bulk the volcanic rocks greatly exceed the detrital sedi­ 
ments, among which are limestone, shales of several sorts, and 
very small amounts of conglomerate. With few exceptions

the masses of sediments are small and represent thin beds inter­ 
calated between the volcanic rocks that make up the 'bulk of 
the formation.

Red rhyolite. The red and brown rhyolites of the Eastport 
formation include flows, tuffs, and numerous sills and dikes. 
The flows, which locally show well-developed flow lines, are 
well exposed on Moose Island on the hill back of the pumping 
station, on Pleasant Point, along the southwest shore of Sew­ 
ard Neck, and at many other places. On the point at the north 
entrance of Sipp Bay rhyolite showing well-developed flow 
lines contains in its basal portion numerous fragments of 
amygdaloidal diabase picked up from the surface of the diabase 
over which it flowed. Flow lines are particularly well devel­ 
oped in some of the red rhyolite at places half a mile to a mile 
southwest of Perry, and the upper parts of these flows show in 
places very perfect flow-breccia structure.

Red flow rhyolite occupies most of Seward Neck and the 
east shore of South Bay as far south as Red Point. Though 
showing great range in color, in places being very dark, even 
black, this rhyolite is characteristically dark red. At many 
places these lavas show well the typical structural features of 
volcanic flows. Flow structure is exhibited at many points on 
the east shore of South Bay, and on slightly weathered surfaces 
it is in places brought out in minute perfection of detail. Even 
in the microscopic sections flow structure is strikingly preserved, 
although the spherulites may have been entirely replaced by 
quartz and other secondary minerals, which are abundantly 
developed. Plates IV and V show the microscopic appearance 
of this rhyolite; Plate IV shows flow lines and spherulites, 
and Plate V shows flow-breccia structure.

Light-red phases of the rhyolite occur mainly on Moose 
Island and the adjacent mainland. They are commonly por- 
phyritic, but in some specimens the phenocrysts are inconspic­ 
uous because they are partly decomposed or because their dark 
color resembles that of the groundmass; though in others they 
are lighter colored and stand out in sharp contrast to the 
groundmass. When examined under the microscope the com­ 
moner types show phenocrysts of orthoclase, the largest an 
eighth of an inch in length, embedded in a microgranular 
groundmass of quartz and feldspar. The red color is caused 
by finely disseminated hematite.

The red rhyolite and its related types commonly show con­ 
siderable alteration when studied under the microscope. In 
many of the specimens the feldspars are considerably altered 
and secondary chlorite, epidote, and calcite are abundant. 
Groundmass quartz has in some specimens recrystallized, so 
that it shows the same optical orientation in considerable 
patches, though inclosing remnants of feldspar and other min­ 
erals. Secondary pyrite is abundant in some specimens.

One of the most striking exposures of tuff occurs along the 
shore of the mainland about a mile north of the Moose Island 
toll bridge. The finer-grained phases are greenish gray to 
purplish red and are not stratified. They grade into tuff com­ 
posed of angular fragments of many kinds and sizes, the largest 
a foot in diameter. To the west the tuff passes conformably 
upward into shale and is therefore probably water-laid. The 
fragments of the tuff were derived from both the red and gray 
rhyolites and are in general highly altered.

Near the road corner half a mile northeast of the head 
of Lincoln Cove is some chocolate-brown tuff, which when 
studied under the microscope is seen to consist mainly of frag­ 
ments of rhyolite, though it contains also fragments of dia­ 
base, some of them vesicular. Rhyolite tuff is especially well 
exposed at the head of Deep Cove, west of Shackford Head, 
where the most abundant fragments are chocolate-brown rhyo­ 
lite porphyry containing conspicuous light-colored phenocrysts 
of feldspar. Some of the fragments are 4 feet across.

Tuff containing abundant fragments of reddish-brown rhyo­ 
lite and phenocrysts of feldspar is interbedded with the red 
shale of the Eastport formation southwest of Perry. Other 
tuff crowded with fragments of feldspar phenocrysts occurs on 
Redington Island, at Birch Point', and near the head of Broad 
Cove. ". At Birch Point it forms a sharply defined bed about 
5 feet thick. On the shore of Seward Neck, south of Cooper 
Island, feldspathic tuff, which at first sight resembles granite, is 
interbedded with and grades into limestone. At Broad Cove 
it forms a bed 2^ feet thick, bounded on one side by a sill of 
red rhyolite and on the other side grading conformably into 
shale.

Gray rhyolite. Massive gray rhyolite is not abundant in 
the Eastport formation. On the southeast shore of the cove 
between Moose and Carlow islands, there is a small mass, 
which is probably part of a flow. It lies close to tuff contain­ 
ing fragments similar to it in composition. In texture it 
ranges from microgranular to subtrachytic, and in places its 
texture appears to be almost spherulitic. Quartz and ortho­ 
clase are its dominant constituents, and it contains abundant 
secondary chlorite and grains of pyrite. Gray massive rhyolite 
is also exposed on the east shore of Seward Neck at several 
points near North Lubec Landing. Under the microscope the 
rock is found to be much altered but apparently rhyolitic in 
original composition. It shows traces of flow lines.
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Gray rhyolite tuff is not abundant in the formation, though- 
several good exposures occur on the west end of Moose Island 
(See PL VII.) One of .the best exposures is on the southeast 
shore of the large cove between Moose and Carlow islands, 
where the rock is well exposed for 200 feet. The tuff is -com­ 
posed of angular fragments, the largest 2 feet in diameter, 
which for the most part are unassorted. It grades upward, 
however, into shale similar to that of Carlow Island and the 
neighboring parts of Moose Island. Most of the fragments in 
the tuff are gray rhyolite, which shows a microgranular texture 
when examined microscopically, but the rock contains also a 
few fragments of pink rhyolite.

The tuff on Kendall Head is more heterogeneous than most 
of the tuff of the formation and in general is finer grained and 
more altered. The coarser phases exposed near the summit of 
the hill contain gray to purplish fragments, which are mostly 
altered rhyolite, though a few may be much-altered diabase. 
With these are associated some fragments of pink rhyolite, 
aphanitic rhyolite of a bright salmon-pink color being espe­ 
cially conspicuous. The finer phases of the tuff at Kendall 
Head are commonly so much weathered that the original char­ 
acter of the fragments can not be determined. In the rock at 
many localities veins of secondary pink or white calcite and 
epidote between the fragments form a characteristic network. 
The finest phases show bedding planes and grade into the 
typical gray shale of the formation.

Diabase. Effusive diabase forms an important part of the 
Eastport formation. It occupies most of the south half of 
Moose Island and on the mainland forms two nearly parallel 
belts, of northwest-southeast trend, extending from the coast 
past Boyden Lake and Ironworks Mountain to and beyond the 
north border of the quadrangle. On the mainland these dia­ 
basic flows and tuffs alternate irregularly, the flows generally 
predominating, although between Birch Point and East Bay 
the tuff predominates. On the south half of Moose Island 
practically no tuff is associated with the flows. The diabase is 
particularly well exposed on Moose Island along the east side 
of Broad Cove and at Estes and Buckrnan heads.

As the rock is typical diabase it requires no special description 
beyond the statement that it is in most places so much decom­ 
posed that the ferromagnesian silicates have been entirely 
replaced by chlorite. Secondary calcite appears in all the sec­ 
tions studied and in some is so abundant that the rock is light 
gray. Some phases, such as that at Estes Head, are massive 
and locally porphyritic and display imperfect columnar joint­ 
ing. They presumably represent the central part of the flow 
and appear to grade into rocks that are amj'-gdaloidal or that 
display flow-breccia structure in remarkable perfection. In the 
exposure at Buckman Head, which is exceptionally fine, the 
massive portions of the diabase form nearly oval masses, the 
largest 6 or 7 feet long. Between these are portions that are 
highly amygdaloidal or that show flow brecciation and that 
disintegrate more rapidly in weathering. The flow breccia con­ 
tains angular fragments of diabase, all of similar character, 
embedded in a flinty matrix that is probably devitrified glass.

The diabase is also well exposed on Ironworks Mountain 
between Boyden Lake and Pennamaquan River, where, on the 
summit of the hill, there are massive, amygdaloidal, and flow- 
breccia types. The matrix of the breccia is Indian red. The 
more massive parts, when examined microscopically, are found 
to be unusually fresh. The rock shows ophitic texture and 
contains much unaltered augite and some olivine.

Certain rocks of the formation which in the field appear to 
be true diabase were found when examined microscopically to 
contain orthoclase and oligoclase as dominant feldspars. These 
rocks are dark purplish to black and commonly have amygda­ 
loidal and flow-breccia structures. They are closely associated 
with the undoubted diabase and are well exposed on the south­ 
east shore of Carryingplace Cove and in the extreme western 
part of Moose Island, especially along the shore opposite Nipps 
Island. At Carryingplace Cove the rock ranges in color from 
dark purplish red to dark green. Much of it is a flow breccia 
in which the spaces between the fragments range from mere 
cracks to bands several inches wide, filled with purplish amyg­ 
daloidal material or with still finer flow breccia. Under the 
microscope the texture of the rock is seen to be subophitic, 
and most of the feldspar laths are orthoclase, though a few that 
are striated and below balsam in refractive index are probably 
oligoclase. In the greener phases the spaces between the laths 
are filled with chlorite and many scattered grains' of magnetite. 
The alteration of the magnetite to hematite imparts to some 
specimens a purplish tint.

Dark-purplish lava from a point about half a mile west of 
Porcupine Mountain is in places porphyritic and amygdaloidal. 
Under the microscope it is seen to contain phenocrysts of 
orthoclase and a few of oligoclase, lying in a groundmass of 
trachytic texture composed of laths of orthoclase with abun­ 
dant iron oxides, secondary chlorite, and epidote.

Flow structures are well developed in lava of this type on 
the southwest shore of Moose Island. In the vesicular phases, 
which are of terra-cotta color, the vesicles are filled with dark- 
green chlorite. The rock is of finely trachytic texture and

is made up of a felt of orthoclase laths between which lie grains 
of chlorite, epidote, and hematite. The more massive portions 
of this flow, which contain some amygdules, are black. Under 
the microscope they show a felt of orthoclase laths in typical 
trachytic texture, chlorite, calcite, and iron oxides appearing in 
the interspaces.

The only ferruginous minerals now found in this rock, except 
some magnetite, are of secondary origin, but it undoubtedly 
once contained abundant iron-bearing minerals, as is indicated 
by its coarsely amygdaloidal and generally diabasic habit. It 
is believed that the rock was originally a true diabase but that 
the feldspars have been altered to the alkalic varieties through 
the action of circulating solutions, the process having been 
similar to that described for the intrusive diabases.

An amygdaloidal diabasic flow near Leach Point showed in 
one place a vesicle 5 inches long and from three-quarters of an 
inch to an inch wide.

Diabasic tuff of the Eastport formation is well exposed at 
several places. Perhaps the best exposure is along the shore 
about half a mile west of Birch Point. The rock there is an 
assemblage of irregular fragments, the largest 18 inches across. 
Some are massive, but many are highly amygdaloidal. The 
finer phases are bedded, but the coarser ones are unassorted. 
At the mouth of the small arm of Sipp Bay that lies nearly 
north of Rodgers Point the basic tuff is also well exposed, 
conformably overlying the red shale of the Pembroke forma­ 
tion. The appearance of the tuff is similar to that near Birch 
Point, and some of the fragments are 18 inches across.

The finer-grained phases of the diabase tuff when examined 
under the microscope are usually found to be so highly altered 
that the original character of the feldspar can not be deter­ 
mined. In places they are gray from extensive development 
of secondary calcite. Some of the large, massive fragments in 
the tuff are fresher than any specimens collected from the 
flows. Two such fragments, one from Sipp Bay and one 
from Birch Point, showed under the microscope a typical 
ophitic or diabasic texture. Original augite is abundant in one 
specimen. Magnetite grains are abundant and show some 
alteration to hematite. The feldspar is orthoclase and oligo­ 
clase, possibly secondary after calcic plagioclase.

Limestone. The oldest fossiliferous rock of the Eastport 
formation is a dark-gray, thin-bedded, and somewhat siliceous 
limestone, which outcrops a short distance northwest of North 
Lubec Landing and on Cooper Island. There is also a small 
area on the west side of Johnson Bay near its head. The rock 
was formerly burned for lime at both localities. Except where 
it is iii contact with intrusive diabase the limestone rests on the 
red rhyolite that occupies the larger part of Seward Neck.

Some of the beds bear what appear to be casts of mud cracks 
and of rain prints. Others are oolitic and cross-bedded. At 
one place an arkosic bed full of feldspar phenocrysts is inter- 
bedded with the limestone. Fossils are fairly abundant but 
include only algse and ostracodes. The physical character of 
the limestone, the small size of the areas in which it occurs, 
and the character of its fossils indicate that it was formed in 
lagoons.

Shale. Another detrital rock of the Eastport formation 
consists predominatingly of dark blue-gray shale, which appears 
nearly black when wet. It is well exposed near the small lime­ 
stone mass on the shore of Johnson Bay and outcrops at sev­ 
eral places on the east side of Seward Neck, as well as about 
Shackford Head, Broad Cove, and Prince Cove, and it fringes 
parts of Rodgers, Dudley, and Treat islands. It includes thin 
calcareous layers from half an inch to 8 inches thick, especially 
in the passage beds above the limestone. At most of the locali­ 
ties mentioned the shale is abundantly fossiliferous. These 
beds are believed to have been formed in shallow water, under 
conditions that were much more favorable to the growth of 
marine organisms than those under which the sediments next 
to be described were deposited.

After an interval, during which the volcanic rocks that make 
up nearly all the formation were erupted, rapid sedimentation 
was resumed under notably different conditions and a thick 
series of red and green shales, flags, and like rocks was depos­ 
ited. (See PL III.) These rocks are exposed at the north end 
of Moose Island, on Carlow Island, on Pleasant Point, and 
southwest of Perry. The best section, showing the character­ 
istic appearance of these sediments, is on the extreme north 
shore of Moose Island just west of the rhyolite prominence 
known as Kendall Head. The section there exposed was 
measured in detail and is given below.

Detailed section of rocks of the Eastport formation measured from east to 
west along north shore of Moose Island.

[The typographic arrangement represents the natural order of the beds, 1 being at the top, 
2 next below, and so on downward.]

Ft. in.

10

4

8

18

Ft. in.
1. Shale and flag, greenish gray; some massive beds, 

the thickest measuring 10 inches; ripple marks; 
lower part includes a bed, 18 inches thick, of calca­ 
reous conglomerate composed of fragments of gray 
and pink rhyolite embedded in a calcareous matrix. 35

2. Tuff, greenish gray, containing gray rhyolite frag­ 
ments, the largest 2 inches acrosS-_____.___________ 3

3. Shale, greenish gray, and thin flag; ripple marks; 
fish spine found in calcareous nodule; fossils abun­ 
dant ___ i _____.___'... _______________ 25

4. Shale and flag, red and green, alternated; a few layers, 
2 to 4 inches thick, of calcareous conglomerate, made 
up of small rhyolite pebbles in a calcareous matrix ; 
ripple marks; fossils______. ____________ _ __________

5. Shale, dark red, obscurely laminated; calcareous nod­ 
ules in upper part and bed, 2 to 3 inches thick, of 
pebbles in calcareous matrix; some lamellibranchs 

Fault ; displacement about 6 feet.
6. Shale, greenish gray __ ___ _ ___ ___ __ __ __
7. Shale, dark gray, and thin flag; some calcareous 

nodules____ _ _______________ _ _________ __ _ ___ _ __
8. Shale, greenish gray, with some massive beds, the 

thickest measuring 6 inches; ripple marks; lingulas 
and inodiolopsoid lamellibranchs ___ .__ _ .._____. 23

9. Shale, dark gray, fissile ___ __ _ ______ __ __ _ 70
10. Conglomerate of gray rhyolite pebbles, slightly

rounded, mostly under \\ inches__.___. _ _________ 2
11. Shale, dark gray, fissile, with a few more massive beds, 

the thickest measuring 8 inches; calcareous layers 
and lenticles, the largest 3 inches thick in places ; lin­ 
gulas and fucoids; sun cracks and ripple marks __ 75

12. Flagstone, thick with scattered fragments of gray
rhyolite, the largest 2 inches across____ _______ _ ___ 1 6

13. Tuff, fine, greenish gray, containing concretionary 
masses and pebbles, the largest 2 inches in diameter; 
some of amygdaloidal diabase __ ___ _ __ ___ 4

14. Flags, thick bedded, and shales, in alternation;
ripple marks ; the thickest bed measures 8 inches. _ _ _ 18

15. Flags, greenish gray, reddish in places, alternating 
with greenish-gray to reddish-brown shale in thin 
layers; ripple marks common; the shale contains 
three layers of rhyolite tuff, the thickest measuring 
8 inches. _ ______ ___ __________ _ _______ ___ _ ̂ _

16. Thin flags and shales, greenish gray _ _______________
Fault, probably of small displacement.

17. Flags, gray, alternating with reddish shaly layers __
18. Flags, the thickest beds measuring 5 inches, lingulas 

and impressions of sea weed_ __ __ ___ ____ ___
19. Volcanic ash, greenish gray, with fragments of gray 

rhyolite, the largest 2 inches across; no fossils ___ 
Zone of minor faulting, 6 to 7 feet wide.

20. Shale, greenish gray, and thin flag with some mas­
sive beds, the thickest measuring 1 foot ___ _ _ 25

21. Shale, reddish, and thin flags __ ___ ___ __ __ _ 3
22. Flag and shale, greenish gray. Exposures covered by

till for a few feet but sequence probably continuous 45 
Dike of red rhyolite, 30 feet wide, intruding the shales.

23. Shale, dark reddish brown; rapid alternation of fissile 
shaly beds half an inch to a foot thick with more 
quartzose and resistant layers from 1 to 6 inches 
thick ; ripple marks common ; rare lingulas in more 
quartzose layers ____ _ __ _ _________________________ 40

24. Shale, greenish gray, mostly thin bedded but not very
fissile ________________-_-____--__.-_---__--_--_----_-_ 16

25. Volcanic ash, green to purplish, with fragments of
gray rhyolite, the largest 2 inches across-- __ ___ 3 

Interval of 10 feet in which there has been some minor 
folding and possibly some faulting.

26. Shale, mostly thick bedded and dark greenish gray, 
but containing some reddish-brown fissile layers; 
a few more quartzose beds are a foot thick, but most 
are under 4 inches; fossils____--__ __ ____..____ _ __ 70

Covered interval of a few feet, beyond which is similar 
shale with same strike and dip and probably in con­ 
tinuous sequence.

27. Shale, dark gray, some beds containing gray calcare­ 
ous nodules ; alternation of thin-bedded shale layers 
and more massive quartzose layers, 6 to 8 feet 
thick ; ripple marks common ; lingulas __ _ _ . _ ___ 63 

Fault.
28. Shale, light greenish gray, thick bedded, with rare

lingulas ______________________________________________ 6
29. Shale, reddish brown, slightly sandy, with a few hard 

layers of fine micaceous sandstone the thickest 
measuring 3 feet ; no fossi]s____-_____-_- _ _________ 7

80. Shale, thin bedded, greenish______________________--_- 4 6
31. Shale, thick bedded, mostly greenish gray but grad­ 

ing into reddish parts parallel to the bedding, and 
containing Buthotrephis and rare Planolites trails 
and a very few lamellibranchs _____________ _ ______ 23

32. Shale, chocolate-red, thin bedded, sparsely fossilifer­
ous- ____ ____________________________----__------_---- 6

33. Shale, greenish gray, with a few more quartzose beds
3 to 5 feet thick; fossils mostly lingulas __ ___________ 13

34. Shale, reddish brown, with alternate fissile layers, the 
thickest measuring 3 or 4 inches, and more massive 
layers, the largest measuring 6 inches; sparsely 
fossiliferous, mostly lingulas, a few lamellibranchs- 17 6 

Fault.
35. Shale, red, apparently barren of fossils. _ __ ___ _ 15 

Fault.
36. Shale, greenish gray, mostly fissile; a few beds slightly

sandy ; some lingulas throughout. _ _ _ __ .. _ _ _      24 
Fault.

37. Conglomerate, the basal portion containing bowlders, 
some as much as 18 inches across and only slightly 
rounded; some are of pink rhyolite, but most are 
gray rhyolite ; the upper layers finer. ______________ 5

38. Agglomerate, greenish gray, containing nodular peb­
bles, the largest 5 or 6 inches across __ _ _ _ _ ___ _ _ _ 6

39. Shale, purplish red, not laminated, but bearing a few
lingula impressions.___-__-__-_ ._-_-_____----_------ 3

40. Shale, greenish gray, not laminated, but containing a
few concretion-like nodules __ !___ __ __ __ __.    1 6

41. Shale, greenish, imperfectly bedded, containing a
layer of fine tuff 1 foot thick; fossils __ _..___. ._ __ 11 

Fault.

The shale of Carlow Island, of Pleasant Point, and of the 
shore north of Pigeon Hill is in general similar in lithologic 
character as well as in fossils to that of the type section on 
Moose Island above described. Ripple marks are very com­ 
mon on the shale of Carlow Island and irregular patches on 
some of the ripple-marked surfaces are calcareous, indicating 
the deposition of lime in very shallow water. The shale con­ 
tains many lingulas. On the shore north of Pigeon Hill the 
shale alternates in its upper part with dark-colored flows of 
rhyolite porphyry.

At most places the sediments of the upper part of the 
Eastport formation are gray or greenish gray, but at some 
localities their predominant color is red. Red shale of slight 
thickness has already been described in the section on Moose
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Island given above, but the strip of shale about a mile south­ 
west of Perry is predominantly red. This shale lies conforma­ 
bly upon the surface of a diabase flow and is undoubtedly 
made up largely of the fine detritus of the red rhyolite 
porphyry. Certain layers, especially those near the base of the 
shale, are crowded with fragments of feldspar phenocrysts similar 
to those in the associated red rhyolite. In many places the 
shale is remarkably even textured, free from traces of lamina­ 
tion, and fractures as readily in one direction as in another. 
In these respects it is similar to certain shales of the Perry for­ 
mation. In other places, however, lamination is well developed, 
though the shales are nowhere fissile. In bedded phases well 
exposed at the reservoir dam above Perry about 15 feet of hard 
dark-red shale containing some greenish-gray beds is overlain 
by a few feet of obscurely bedded red shale which weathers to 
angular gravel. The bedded portions are sparsely fossiliferous.

Red shale that is probably nearly contemporaneous with 
that described above outcrops on the north shore of the small 
inlet about a mile south-southeast of Perry. It is dark red, 
shows no very pronounced lamination, and is overlain by 
coarse beds made up largely of fragments of the red rhyolite.

Conglomerate. At a few places the Eastport formation con­ 
tains beds of conglomerate. On Moose Island, on the west 
shore of the small cove three-quarters of a mile west of Dog 
Island, there is a dark reddish-brown conglomerate containing 
fragments, some of them 18 inches long, of many varieties of 
the red rhyolite. Some are angular and others are rounded, 
and the rounding did not occur in place, for the deposit as a 
whole is unassorted. Some of the well-rounded pebbles when 
broken show a pink center inside a leached gray crust half 
an inch or so thick. The leaching is probably due to 
weathering that occurred before the conglomerate was formed, 
for most of the fragments have no such leached crust. The 
matrix of this conglomerate is similar in composition to the 
fragments. No fossils were found in either the matrix or the 
pebbles of the conglomerate, but it is probably contemporane­ 
ous with the similar appearing fossiliferous conglomerate that 
is well exposed at several places near the head of the cove 
west of Shackford Head. At one place where this fossiliferous 
conglomerate lies on an amygdaloidal diabase its commonest 
fragments are purplish-red rhyolite porphyry containing con­ 
spicuous phenocrysts of gray orthoclase, some of them arranged 
in flow structure. A few of the fragments are 4 feet in diame­ 
ter. In places the conglomerate contains pebbles of greenish- 
gray and dark-red shale, the largest seen being a foot long 
and 4 inches thick. The matrix is dark purplish red and is 
apparently composed largely of detritus of the red rhyolite. 
At one place the conglomerate is cut by a dike of red rhyolite. 
Shale pebbles in this conglomerate contain fossils that are 
characteristic of the lower part of the formation. Conglomerate 
also occurs on the west slope of Kendall Head, the pebbles 
being mainly highly altered diabase (commonly amygdaloidal) 
and gray rhyolite, some of which is much silicified.

The conglomerates appear to form an intimate part of the 
Eastport formation and do not at all resemble the conglomerates 
of the Perry formation.

Fossils. Fossils are abundant in the Eastport formation and 
are found at so many places that only the localities that are of 
special significance in determining the boundaries of the forma­ 
tion are indicated on the map. Four of the localities most 
favorable for collecting fossils are so indicated and all the spe­ 
cies figured in Plate XXIII came from one or another of those 
localities. Most of the fossils are well preserved. The follow­ 
ing list includes the more characteristic species identified:

Eurymyella angularis Williams. 
Eurymyella plana Williams. 
Eurymyella recta Williams. 
Eurymyella shaleri Williams. 
Eurymyella shaleri var. brevis

Williams. 
Eurymyella shaleri var. longa

Williams.

Lingula cornea Sowerby. 
Streptotrochus carinatus Williams. 
Streptotrochus ione Williams. 
Streptotrochus regularis Williams. 
Streptotrochus sulcatus Williams.

Correlation and age. The only species from the Eastport 
formation positively identified with a reported British species 
is Lingula cornea, which, according to Etheridge, ranges from 
the Aymestry limestone upward into the Devonian. It is listed 
by Elles and Slater in the Ludlow district as beginning in the 
Temeside (which is above the Upper Ludlow) in beds above 
those containing Lingula minima. The same sequence is shown 
in the lingulas of the Eastport section, Lingula minima being 
found in the Pembroke formation and Lingula cornea in the 
Eastport formation.

The most characteristic fossils of the formation are the species 
of Eurymyella which Williams has described as both generically 
and specifically new,a although he regards them as representing 
and probably including some of the forms called Anodontopsis 
angustifrons McCoy,b characteristic of the uppermost Silurian 
formation of Great Britain, namely, the Downtonian or Teme­ 
side formation. The Eastport formation is therefore regarded 
as of late Silurian age and as equivalent in general to the 
Led bury, Down ton, and Tilestone formations of the Silurian 
system in England.

"Williams, H. S., U. S. Nat. Mus. Proc., vol. 42, p. 385, PL 49, 1912. , 
6 McCoy, Frederick, British Paleozoic fossils, p. 271, PL I k, fig. 15, 1855.

Eastport

Relations. The formation is conformable at its base with 
the underlying Pembroke formation, the exact contact being 
well exposed on the north shore of Sipp Bay near its con­ 
fluence with East Bay. The transition from the Hersey red 
shale member of the Pembroke formation to the tuff of the East- 
port formation extends at one place through a distance of 3 
feet, characterized by an alternation of beds of red shale and of 
greenish tuff. Some irregular beds and lenses of red shale, 
too small to be mapped, occurring in the volcanic rocks in 
this vicinity, also express this conformable transition.

Conformable relations also exist between the shale patches 
on the west shore of Seward Neck, which contain Pembroke 
fossils, and the overlying rhyolitic lavas, which are mapped as 
part of the Eastport formation. In both places the boundary 
between the two formations is rather arbitrarily drawn at the 
first important lithologic change above the highest recognized 
Pembroke fossils. The rocks next above the Eastport forma­ 
tion are Devonian. The contact is everywhere an unconformity 
and is described under the heading "Devonian system."

CORRELATION- OF THE SILURIAN FAUNAS WITH THOSE OF GREAT BRITAIN.

A preliminary announcement of the correlation of the Silu­ 
rian faunas of the Eastport quadrangle was made in December, 
1911,a and the studies that followed have not materially altered 
the correlations then announced. The fossils have been 
minutely examined and it has seemed desirable to subdivide 
some of the species named in British literature to which the 
American forms show a general likeness and to assign new 
specific names to some of the forms in order to indicate local 
or temporary phases in the evolution of the species or genus 
represented in the Eastport quadrangle. Precise correlation 
of faunas requires actual specific identification, hence the 
presence of a large number of species identical with species 
of the Silurian formations of Great Britain establishes close 
relationship between these transatlantic formations. The table 
below lists the species thus identified specifically with British 
described species, figures of which are given in the accom­ 
panying plates. The formations in which they are reported 
by Etheridge b are indicated. An arrow at the left shows that 
they occur also above the Silurian of the British section and an 
arrow at the right that they occur below that system.

Distribution of species in the Silurian formations in the Eastport quad­ 
rangle and in those of Great Britain.
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The fauna of the Quoddy formation is entirely different from 
the fauna of the Oswego sandstone and is not Ordovician; hence 
it is placed at the bottom of the Silurian. It is evidently lower 
Wenlockian and bears affinities with the New York Niagaran. 
The Edmunds fauna represents the faunas of Great Britain

"Williams, H. S., Correlation of the Paleozoic faunas of the Eastport 
quadrangle, Maine: Geol. Soc. Am. Bull., vol. 23, pp. 349-356, 1912.

& Etheridge, Kobert, Fossils of the British Islands, vol. 1, Paleozoic, 1888.

from the Wenlock shale to the Aymestry inclusive but shows 
closest affinities with that of the Wenlock limestone and shale. 
It is apparently not represented in the New York section, but 
its affinities there are almost as close with the Cobleskill dolo­ 
mite as with the Rochester. The Pembroke formation is prob­ 
ably not older than the Rondout limestone of New York, but 
the fauna is not represented definitely in the New York section. 
The Eastport fauna is certainly distinct from anything reported 
in either the Silurian or the Devonian of New York. (See 
correlation table on p. 10.)

The more common and characteristic species of fossils found 
in the several formations, including 19 species lately described," 
have been figured in Plates XVI to XXIII.

DEVONIAN SYSTEM.

PERRY FORMATION.

General character and thickness. The Perry formation is 
composed chiefly of red sandstone and conglomerate but 
includes some red shale and interbedded flows of diabase. It 
was named by Hitchcock 6 from the town of Perry, in which 
it is well exposed. Its thickness can not be definitively given.

Distribution. The largest area occupied by the formation in 
the quadrangle lies north and northwest of Perry. Smaller 
areas lie along the shore of the mainland west of Moose Island, 
on the west shore of East Bay nearly opposite Leach Point, on 
Hersey Neck, and near the head of South Bay.

In areas north of the quadrangle the formation occurs along 
the American shore of the St. Croix to Mill Cove, and an out­ 
lier is found farther north, near Hilchins Point. On the coast 
southwest of the quadrangle, at Point of Maine and on Lake- 
man and Great islands, Hitchcock found conglomerate and 
sandstone that may belong to the Perry formation.

General lithologic features. The smaller bodies of the Perry 
formation are composed entirely of sedimentary rocks, but in 
the type area northeast of Perry diabase flows are interbedded 
with the sediments. On the shore near Perry two series of 
flows, separated by conglomerate arid also inclosing thin beds 
of conglomerate, are recognizable.

The sedimentary rocks of the formation in this region are 
characterized by their red color, which ranges from bright 
brick-red to chocolate-brown. Their red color is due primarily 
to the fact that they are composed largely of fragments of red­ 
dish Silurian rhyolites and of red granite, but it has been 
intensified somewhat by secondary deposition of iron oxide 
on and between the fragments. Although the red color is 
characteristic of the Perry formation in the Eastport region it 
can not be regarded as a safe criterion for the recognition of 
the formation elsewhere. In certain localities near St. John 
strata equivalent in age to the Perry are buff.

Breccia. A characteristic feature of the base of the forma­ 
tion where it rests upon red rhyolite is a breccia composed 
mainly of angular fragments of the rhyolite of all sizes. The 
breccia is well exposed on the shore at the south end of Gleason 
Cove, in the small cove north of Garnet Point, on the west 
shore of East Bay, and on the south side of Hersey Neck. 
The fact that the rock is water-laid is shown near the south 
end of Gleason Cove by the occurrence in it of a few thin beds 
of red or greenish shale, and in most of the other localities by 
its gradation upward into typical conglomerate.

The fragments in the breccia are at most places less than a 
foot in diameter, but at a few places, as on the shore of Hersey 
Neck near the narrows of Sipp Bay, they are larger. The 
rock at that locality is composed of angular or only slightly 
rounded fragments of dark-red rhyolite, many of them 2 to 3 
feet across and a few having a diameter of 5 feet. The frag­ 
ments of rhyolite differ in character and color, some being por- 
phyritic and others not and some being light red and others dark 
red. The matrix, which forms a very small part of the rock, 
is made up of small fragments of the same rhyolites and a few 
fragments of greenish shale. The whole deposit is unassorted.

Conglomerate. At other places even the basal layers of the 
formation are composed of well-rounded pebbles. Such deposits 
were probably formed along portions of the Devonian shore 
that were exposed to more severe wave action. The matrix 
of much of the basal conglomerate and basal breccia is pink 
cherty silica.

A particularly instructive exposure occurs on the south shore 
of the inlet next south of Little River, where a series of beds 
about 100 feet thick, composed mainly of very coarse conglom­ 
erate with bowlders as large as 2|- feet across, is interstratified 
with a few thin beds of sandstone and fine conglomerate. The 
pebbles and bowlders of the conglomerate are well rounded but 
are not well assorted, many pebbles 3 to 4 inches across and 
even large bowlders being embedded in a matrix of coarse sand. 
Most of the bowlders are of g-ranite, and that rock forms much 
of the finer material, which, however, includes also some frag­ 
ments of dark-red rhyolite, diabase, quartz, and shale. A 
remarkable feature is the slicing and recementation of many 
of the granite bowlders, shown in Plate VIII. Such slicing,

"Williams, H. S., U. S. Nat. Mus. Proc., vol. 42, p. 381, 1912, and vol. 45, 
p. 319, 1913.

6 Hitchcock, C. H., Preliminary report upon the natural history and 
geology of the State of Maine, pp. 251-256, 1861.
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the result of warping and minor faulting of the beds, was 
observed on a smaller scale in many parts of the formation. 
The beds show every characteristic of a beach deposit, closely 
resembling some of the present beach deposits along the shore 
farther southwest in Maine at places where granite ledges are 
exposed to the full sweep of the waves from the open ocean.

The conglomerate just described is faulted against a rhyolite 
flow, and the bedrock on which it was deposited is concealed, 
but the fact that it is dominantly granitic and the unusual size 
of the bowlders render it almost certain that the shore upon 
which it was laid down was granite, or at least that granite 
formed the shore near by. The nearest present exposures of 
granite are at South Robbinston, about 7 miles distant, and the 
amount of granite in the Perry formation between the two 
localities is relatively small. It therefore seems probable that 
granite underlies the exposures just described at no great depth 
or else occurs near by beneath the water.

In general the conglomerate and sandstone of the Perry 
formation, though consisting chiefly of fragments of red rhyo­ 
lite and granite, contain also fragments of gray and nearly 
black rhyolite. Fragments of diabase and shale are notably 
scarce, probably because those rocks are more rapidly worn 
to fine detritus. A few fragments of shale and some of argil­ 
laceous limestone containing microscopic remains of organisms 
were recognized. Another characteristic of the conglomerate 
is the presence in it of well-rounded pebbles of white quartz, 
apparently vein quartz. Quartz veins are very rare in any of 
the older rocks exposed in the quadrangle, and this constituent 
of the conglomerate was therefore probably derived from some 
other area. Quartz veins are abundant in some of the rocks 
of Campobello that are believed to belong to the Quoddy shale.

Shale. The red shale of the Perry formation is particularly 
well exposed along South Bay, where it forms part of the 
promontory known as Red Point, and on Hersey Neck, where 
it constitutes the dominant material of the formation. Most of 
this rock has no shaly parting and may be more correctly 
termed an argillite or mudstone. For considerable distances 
along the shore of Hersey Neck it is so uniform in character 
that its strike and dip can not be determined, but here and 
there the uniformity is broken by a thin bed of sandstone or 
conglomerate. Its fracture is commonly hackly and irregular 
and it breaks up on the shore into irregular angular fragments. 
The rock is more arenaceous and its color is generally a 
brighter red than that of the Silurian red shales. Evidence of 
erosion that was contemporaneous with the deposition of the 
shale was noted in the small cove north of Garnet Point, 
where, at one place, conglomerate that generally lies in con­ 
formity with the beds of red shale cuts sharply across those 
beds. Some of the red argillite shows indications of worm 
burrows, but a careful search failed to discover any fossils.

Diabase. The flows of diabase are amygdaloidal in their 
lower and especially in their upper part, but their central part 
is massive and has imperfect columnar structure. Flow struc­ 
ture is common and is especially well shown on weathered sur­ 
faces. When examined microscopically the coarser phases of 
the diabase are found to consist of calcic plagioclase in fine laths 
and augite in large ophitic plates. The rock contains abundant 
yellowish serpentine, mainly a replacement of augite. In the 
finer-grained rock the feldspar laths are crowded more closely 
and the augite occurs in small grains between them instead of 
in large ophitic crystals embedding them. The amygdules are 
mostly less than a quarter of an inch in greatest dimension, but 
a few are 1 to 1^ inches across. The filling is mainly white 
calcite (PI. IX), but in a few places fractures and vesicles are 
coated with a brick-red mixture of iron and copper oxides.

The contact between the sedimentary rocks of the Perry 
formation and the diabase members is not well exposed in the 
Eastport quadrangle, but along the shore north of the quad­ 
rangle, a mile south of Lewis Cove, the bottom of the lower 
diabase member is well shown. Sandstone and shale of the 
Perry formation dip at a gentle angle beneath the diabase, 
which within 12 to 18 inches of the contact is highly amygda­ 
loidal but farther up is massive. At a number of places the 
amygdules are smaller near the contact and are elongate parallel 
to it. Elsewhere only a chilled zone of fine massive diabase 
one-sixteenth to one-fourth inch thick lies next to the shale, 
which is commonly baked for 1 to 3 inches from the diabase.

The contact between the diabase and an interbedded mass of 
red shale, in places 4 feet in maximum thickness, is .well 
exposed in a small cove a mile southeast of Lewis Cove. The 
diabase under the shale is highly amygdaloidal for the whole 
5 feet exposed, and its upper surface is crumpled or pillow-like. 
The lamination of the shale is everywhere nearly horizontal 
and bears no relation to the irregular lava surface. Tongues 
and irregular masses of shale project into the diabase or cut 
under its upper portion for several feet. The diabase above 
the shale, unlike that beneath, is amygdaloidal only within 12 
to 18 inches of the contact and has a chilled zone a fraction of an 
inch thick next the shale, and bands of amygdules just above 
this are elongated parallel to the contact. In general the evi­ 
dence is fairly clear that the diabases are flows contemporaneous 
with the sedimentary rocks and probably submarine.

Fossils. The Perry formation has yielded fossils at a few 
localities in the quadrangle. The locality first discovered is 
on the south bank of Little River about half a mile below the 
bridge at Perry, where the fossils occur in a thin bed of shale. 
Collections were made there by J. W. Dawson in 1862 and 
later by David White. Another locality, recorded by White, 
is on the Robbinston road about half a mile north of Perry, 
where fossils occur in sandy shale and sandstone just below 
the contact with the lower diabase. In a shale lens, about 
15 inches thick, on the south bank of Little River just below 
the sawmill dam at Perry a few poorly preserved plant remains 
were found by Mr. Breger. A few fragmentary plant remains 
were seen by Mr. Bastin in shale on the north bank of Little 
River about half a mile above the reservoir dam at Perry.

Age and correlation. The Upper Devonian age of the 
formation is well established, and as the evidence of this cor­ 
relation has been fully presented in the paper by Smith and 
White a on the Perry B(asin it need not be repeated here.

The age of the formation was determined solely by means of 
its plant remains. Most of the fossils are broken and water- 
worn stems, so fragmentary that they can not be identified 
specifically, but at a few localities better preserved and identi­ 
fiable material was found. Some of the species are 

Platyphyllum brownianum Dn. 
Archseopteris jacksoni Dn. 
Archseopteris rogersi Dn. 
Archseopteris hitcheocki (Dn.)

D. W. 
Otidophyton hymenophylloides

D. W. 
Barrandeina perriana(Dn.) D. W.

Dirneripteris recurva (Dn.) D. W. 
Spheriopteris filicula (Dn.) D. W. 
? Psilophyton cf. princeps Dn. 
Psilophyton ? alcicorne D. "W. 
Barinophyton richardsoni (Dn.)

D. W.
Leptophloeum rhombicum Dn. 
Lepidocystis siliqua (Dn.) D. W.

Relations. The Perry formation rests unconformably upon 
the underlying rocks, which in the Eastport quadrangle are of 
Silurian age. At the immediate contact the conglomerate and 
breccia of the Perry ordinarily consist almost exclusively of 
fragments of the rocks beneath. An instructive exposure on 
the shore a short distance east of the mouth of Lincoln Cove 
shows the contact of the Perry on red Silurian rhyolite. The 
strata dip 75° E. and the detailed section is as follows:

1. On the west, red rhyolite forming a flow.
2. Breccia, 7 feet, made up of angular fragments of rhyolite, some 2 feet 

in diameter and many 8 inches to 1 foot, embedded in a brick-red, fine­ 
grained, fragmental matrix.

' 3. Conglomerate, 12 feet, similar in general to the breccia but showing 
some rounding of the fragments of rhyolite, a larger proportion of smaller 
particles, and in the upper part some admixture of foreign material, mainly 
rhyolite tuff.

4. Typical conglomerate with well-rounded pebbles and a large admix­ 
ture of material derived from a distance.

The section demonstrates that the conglomerate overlies 
unconformably the red Silurian rhyolite, the breccia represent­ 
ing the beginning of sedimentation on the lava surface.

In the Eastport quadrangle the Perry formation is nowhere in 
contact with later formations, except the Quaternary deposits.

The strata of the Perry formation are at several places cut 
by diabase dikes, which may be of Devonian age and approxi­ 
mately contemporaneous with the interbedded flows or may be 
of later age. On the west shore -of South Bay a diabase dike 
10 feet thick cuts red shale, and another dike 2J to 3 feet thick 
was intruded along a fault between shale of the Perry forma­ 
tion and older shale. A vertical diabase dike cuts conglom­ 
erate of the Perry formation on the St. Andrews shore and a 
number of others have been noted by Canadian geologists.

The Paleozoic formations of the Eastport quadrangle are 
correlated with those of New York and Great Britain below:

Correlation of Silurian and Devonian formations of the Eastport quad­ 
rangle with those of New York and Great Britain.
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"Smith, Gr. O., and White, David, Geology of the Perry Basin: U. S. Geol. 
Survey Prof. Paper 35, 1905.

QUATERNARY SYSTEM. 

PLEISTOCENE SERIES.

WISCONSIN STAGE.

General conditions. During at least a part of the Pleisto­ 
cene epoch, the last or Wisconsin stage of glaciation, the 
Eastport region was covered by a continental ice sheet, which 
traversed the region from northwest to southeast. This ice 
sheet and the waters flowing from it deposited large quantities 
of till, gravel, and sand. At the time the ice covered the 
region and soon after its retreat the land stood at a much lower 
level than at present, and by the extended sea of that period 
widespread deposits of clay were laid down, glacial gravel and 
sand were more or less rearranged, and in places the shore was 
eroded. The thickness of the Pleistocene deposits in few places 
exceeds 100 feet and is generally much less.

Glacial till. The till is an unassorted mixture of bowlders 
and cobbles of various sizes and kinds in a sandy or clayey 
matrix. Most of the pebbles and bowlders are of the same 
kinds as the bedrocks of the quadrangle and have probably 
not been transported far. Some of them, notably the large 
erratic or isolated bowlders, which lie free on the surface, are 
granite or diorite and may have been transported many miles, 
for rocks resembling them have not been found in the quad­ 
rangle. The erratic bowlders, it is believed, were either carried 
on the surface of the ice sheet or within its upper part and 
dropped on the ground when the ice melted. Typical erratic 
bowlders, some of them 5 feet in diameter, are found on the 
summit of Kendall Head, on Moose Island. Bowlders of gray 
granite and diorite, commonly well rounded, are particularly 
abundant on the southeast flank of Pigeon Hill, 2 miles south­ 
east of Perry, where the largest are 8 feet in diameter.

Deposits of till are in general not so conspicuous and good 
exposures of till are not so abundant in the Eastport quad­ 
rangle as in parts of Maine farther inland. Their absence 
is due partly to the severity of the glacial erosion, which 
exposed bedrock at many places, but principally to the fact 
that much of the till is buried beneath deposits of sand, gravel, 
and clay. Nowhere in the quadrangle are deposits of glacial 
till thick enough to produce any of the characteristic forms of 
morainal topography that are so common in the northern 
interior of the United States, and it is therefore not possible 
to trace the successive positions of the ice border in this region. 
Most of the larger and many of the smaller hills are practically 
bare of drift and the topography is in general controlled not 
by the drift but by the rock surface, though modified some­ 
what by deposits of till and gravel.

Marine-glacial sand and gravel.   Deposits of sand and 
gravel, though abundant in the Eastport region, are generally 
small and of irregular form, as shown on the surficial-geology 
map. They lie at altitudes ranging from sea level to 180 feet 
above sea level. The higher deposits generally begin near the 
upper limit of the marine clay (commonly 80 to 100 feet), but 
the lower deposits are essentially contemporaneous with some 
of the clay, for sand and gravel were deposited at the more 
exposed parts of the shore while clay was being deposited in 
more protected situations.

The constituents of the gravel deposits are commonly well 
rounded and, although including some rock of local origin, 
consist predominantly of material derived from places outside 
the region. A description of a few good exposures will illus­ 
trate their character.

The surface of the gravel near West Lubec forms a series of 
small knolls, few of them more than 10 feet high, the tops of 
which stand at altitudes of 80 to 100 feet. As exposed in a 
pit the material ranges from coarse sand to bowlders 18 inches 
in diameter, though most of it is composed of pebbles less than 
3 inches across. Stratification is poorly developed even in the 
sandy parts of these deposits. Many of the pebbles are rather 
well rounded and most of the larger ones are granite, diorite, 
or diabase.

Gravel exposed in a large cut at Dennysville station is com­ 
posed of fairly well rounded fragments from one-sixteenth to 10 
inches across, the average diameter being one-half inch. The 
relative abundance of the several kinds of pebbles was esti­ 
mated as follows: Granite and diorite, 25 per cent; rhyolite, 25 
per cent; diabase, 25 per cent; shale and other rocks, 25 per 
cent. The exposed thickness of the deposit is 40 feet. Cross- 
bedding is recognizable in places, but in general the deposit 
shows little evidence of stratification. It contains a few pockets 
of sand and some bowlders, 2 to 6 feet in diameter.

A pit on Lubec Neck exposes 4 feet of gravel, which consists 
chiefly of rounded pebbles less than 1^ inches in diameter, 
though it contains a few cobbles measuring 6 to 7 inches across. 
The assortment is imperfect, and the recognizable stratification 
planes are slightly inclined. The pebbles are mostly granite 
and diabase but include a few fragments of rhyolite and shale.

In a gravel pit at the crossroads a mile north of Burnt Cove 
School the different types of pebbles occur in the following pro­ 
portions : Diorite, 40 per Qent; diabase, 25 per cent; rhyolite, 25 
per cent; granite and other rocks, 10 per cent. Fully half the 
material has been derived from points outside the quadrangle.
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Unusually good exposures of gravel occur along the coast 

in the southeastern part of the quadrangle. At the head of 
.Julia's Cove several feet of gravel overlies somewhat pebbly 
marine clay. The deposit includes many angular pebbles and 
some bowlders a foot across and might be mistaken for till 
were it not for the presence of a few distinct beds composed 
wholly of pebbles less than 2 inches in diameter and the fact 
that most of the elongate pebbles lie with their greater dimen­ 
sions nearly horizontal. The principal varieties of rock are 
granite, diorite, and rhyolite, the diabase and Quoddy shale 
that form the bedrock along that part of the coast being only 
sparsely represented. Just north of Boot Cove gravel of the 
same kind lies directly upon a striated surface of diabase. 
Similar gravel at the head of Boot Cove contains granite and 
diorite as the most abundant material, fragments of the bed­ 
rock of the vicinity being practically absent. Some of the 
granite and diorite cobbles are very rotten and readily crumble 
to sand. In general the small proportion of fine matrix in the 
gravel and the fact that the elongate pebbles are not hetero- 
geneously oriented but lie with their greatest dimensions nearly 
horizontal strongly suggest the reworking of the deposit by 
waves. Such reworking would seem inevitable on account of 
its exposed situation.

A gravel deposit of particular interest forms an almost con­ 
tinuous belt from Hersey Neck to Pennamaquan Lake, in 
many places making a conspicuous though irregular ridge. 
The gravel of this deposit, though in some places showing no 
stratification, is in others well stratified, the beds being here 
and there horizontal but elsewhere differing in the angle and 
direction of dip, even in a single gravel pit. Some beds at 
Pembroke dip 40° E. The elongate form of this deposit and 
the fact that the region south of Pennamaquan Lake is more 
heavily drift covered than any other part of the quadrangle, 
the bedrock being entirely concealed, indicate that it marks 
one of the main paths of glacial retreat and of drainage from 
the receding ice.

Other gravel deposits are described under the next heading 
in a discussion of their significance as indicating submergence 
of the coast.

Raised beach deposits. A number of deposits of sand and 
gravel show by their structure or topographic form that they 
were laid down on an old coast line, which stood much above 
the present sea level. One of the best examples is a gravel 
deposit on Moose Island, on the south side of Johnson Cove, 
on the farm of John McCoy. This deposit, which is shown in 
Plates X and XI, abuts .on the south against a hill of red 
rhyolite and slopes gently and evenly to the north from a 
maximum altitude of about 120 feet next to the hill down 
toward the water. The flats that are shown in the foreground of 
Plate X are composed of marine clay, which is also exposed in 
the railroad cut, where it rises in places to a height of about 
80 feet above sea level. This clay shows horizontal blue-gray, 
dark-red, and buff bauds and grades upward into sand and 
gravel, which in a cut a short distance back from the railroad 
have the structure shown in Plate XI. The inclined or "fore- 
set" beds here exposed are 25 to 30 feet thick, dip 30° to 35° 
toward the open bay, and are overlain by nearly horizontal beds 
of gravel, and their dip and even succession are believed to 
indicate their deposition in a body of standing water, which, 
as the location of the deposit shows; must manifestly have been 
the ocean. The smaller and less worn pebbles in this gravel 
are red rhyolite, shale, and other rock common in the region, 
but the larger cobbles are mostly granite and diorite derived 
from some other locality. The deposit is believed to represent 
material discharged into the ocean from a lobe of glacial ice 
standing probably in Carryingplace Cove. 
' The hill on Moose Island northwest of Johnson Cove is flanked 
on the southeast by another gravel deposit, whose form is spitlike. 
The deposit extends to an altitude of 110 or 120 feet above sea 
level and is backed by a rock slope whose profile suggests wave 
cutting. The locality is shown in Plate XII. A shallow pit 
just below the base of this "cliff" exposes a deposit of pebbles 
which, though angular or only slightly rounded, are evidently 
water deposited and washed free of fine material. About two- 
thirds of this material is derived from the rocky hill back of 
the deposit, but the deposit includes also some foreign material. 
Another pit in the lower part of the same gravel deposit, about 
300 feet north of the railroad, shows "foreset" beds of gravel 
dipping about 35° SE. Here the proportion of material 
derived from the rock slopes at the north is about one-third 
and the foreign material constitutes about two-thirds.

Gravel deposits showing "foreset" beds, commonly dipping 
southeastward, were noted in other parts of the quadrangle and 
are listed below.

In a gravel pit three-quarters of a mile northeast of Crosby 
School, in the town of Whiting, the beds dip about 25° SE. 
Elevation, 110 feet.

About a mile south of No. 9 Hill, in the town of Trescott, 
stratified gravels dip about 35° SE. Elevation, 140 feet.

Near the road corners a mile southeast of Weir Cove, in the 
town of Trescott, gravel beds dip 15°-40° SE. Elevation, 100 
feet. '

Wave action is indicated not only by deposits showing beach 
structure but also in a few places by forms attributable to wave 
erosion. A low cliff near Eastport, possibly formed by wave 
erosion, is shown in Plate XIII. Another example was 
observed along the east side of Lubec Neck about half a mile 
southwest of the town of Lubec. The phenomena there shown 
can be understood by comparing Plate XIV and Plate XV. 
The seaward side of the ridge here is strewn with more or 
less rounded bowlders, mostly of granite and diorite, the 
largest 5 feet in diameter. Toward the sea the bowlders 
become smaller and less abundant. Near the ridge they lie on 
or are somewhat embedded in a gravel matrix, which passes 
seaward into sand and along the shore into clay that has been 
dug for brick making. Plates XIV and XV show the simi­ 
larity in appearance between this surface and the adjoining 
tide flat. As erratic bowlders are rare in this region their 
extreme abundance in this place is the more remarkable. This 
bowlder-strewn plain is believed to be the result of marine ero­ 
sion on a drift-covered shore, the finer constituents having been 
washed out and redeposited seaward and the coarse bowlders left 
nearly in place. Floe ice was probably instrumental in trans­ 
porting some of these bowlders.

A similar bowlder deposit lies at an altitude of about 160 
feet above sea level on the southeast slope of the hill three- 
fourths of a mile southwest of the head of Bassett Creek. If 
the sea stood at this elevation this hillside would be open to 
the full sweep of the waves. The bowlders form a belt 25 
to 30 feet wide at the foot of a rock slope and cover fully 
half the surface. They are mostly of diorite'and granite of 
foreign origin, are well rounded, and the largest are 3 feet in 
diameter.

Evidences of beach action at higher altitudes are less numer­ 
ous and less clearly defined. On the south side of the 220-foot 
hill three-quarters of a mile northwest of Lincoln Cove a 
deposit of gravel that shows little evidence of assortment 
extends to an altitude of about 200 feet. Some of the pebbles 
are well rounded, but most of them are angular. The deposit, 
which has a narrow, sloping crest, has the form of an elevated 
bar connecting the main hill with a smaller knob farther south, 
across the road. The stratification planes recognized slope 
gently away from the crest of the gravel ridge. On the south­ 
west side of No. 9 Hill in Trescott, at an altitude of 200 feet, a 
pit has been opened in gravel which consists mostly of pebbles 
over an inch in diameter but includes a few cobbles measuring 
6 inches. This material is mainly red rhyolite of local deriva­ 
tion, but some of the more rounded pebbles are of foreign 
origin. The significant feature is that the gravel is clean and 
free from finer material and has the general appearance of 
beach-washed material. Both these deposits would have been 
exposed to severe wave action had the sea stood at their level. 
Although these occurrences do not afford conclusive evidence 
that the land stood 200 feet lower than at present, they are 
suggestive, especially in view of the corroborative evidence of 
comparable submergence farther south on the coast.

Marine clay. Nearly half the quadrangle is occupied by 
marine clay, which in most places lies less than 100 feet above 
sea level but in a few localities, as near Eastman Hill, in Pem­ 
broke, extends up to an altitude of 130 feet. Although most 
of the surface below the 80-foot contour is covered with a 
mantle of clay, this deposit is not found everywhere, for along 
the coast line of late Pleistocene time, as along the present 
coast, the clay was deposited in greatest thickness in the more 
protected places, whereas in the more exposed positions gravel 
was deposited or wave and current action swept the rock surfaces 
bare.

The clay ranges in color from buff to blue-gray, but in a 
few places there are alternate gray and red layers. At an 
exposure on the west end of Moose Island the clay occurs in 
alternate thin blue-gray, dark-red, and yellowish layers.

The only place .where the contact between marine clay and 
till was observed is on the south shore of Pennamaquan River 
about a mile below West Pembroke, where, in a bank 10 feet 
high, the clay distinctly overlies stony till. This exposure no 
doubt displays the general relation of the clay and the till, the 
clay having been deposited after the retreat of the glacial ice. 
At many localities the clay grades upward into gravel, and at 
a few localities gravel underlies the clay. An exposure show­ 
ing the latter relation occurs on the shore of Lubec Neck at 
the head of the cove between Woodward and Leadurny points, 
where a mound-shaped mass of gravel 60 feet across is overlain 
by clay showing an alternation of clayey layers an inch or less 
thick with others that are slightly more sandy. The banded 
clay grades upward in turn into sandy clay containing pockets 
and lenses of well-rounded gravel. Clay overlying well- 
rounded gravel is also exposed on the north shore of Sipp Bay 
near the narrows.

Marine shells have been found in the clay at several places. 
Jackson a as early as 1835 reported their occurrence at the old 
canal crossing Seward Neck and noted the barnacles attached 
to rocks in that place that stand 26 feet above high-water

"Jackson, C. T.,"First report on the geology of the State of Maine, pp. 18 
and 19, 1837.

mark. The fossils reported from this locality by Hitchcock" 
are Pecten islandicus, Saxicava distorta, Mya arenaria, Hytilus 
edulis, Modiolaria nigra, and Balanus sp. These fossils in 
general indicate colder water and lower temperatures than those 
of the present coast. A large collection of fossils was made by 
Mr. Bastin at a point on the north shore of Gleason Cove and 
sent to Prof. Leslie A. Lee for identification, but after his death 
they were lost and no opportunity was afforded for duplicating 
the collection.

Glacial strim. The rocks along the shore at many places 
have been conspicuously striated and polished by glacial action, 
and if larger areas of hard rock were uncovered rpches inou- 
tonne'es would probably be found in abundance, but only one 
good example of this form of glacial rounding and polishing 
was noted a small diabase point on the west shore of Straight 
Bay nearly opposite Gooseberry Island. The prevailing trend 
of the glacial striae in the quadrangle is southeast, the direction 
at many localities being shown by arrows on the surficial- 
geology map. Diverse sets of striae were found at only two 
localities. One of these is just west of the border of the quad­ 
rangle, along the railroad, about 2 miles north of Dennysville 
station, where a flat ledge shows an earlier set of striae trending 
S. 53° E. and a later set trending S. 26° E. The second locality 
is a flat ledge on the east shore of Rocky Lake, near its north 
end. The earlier set here trends north and south and the later 
set, trending S. 25° E., truncates and partly erases them.

RECENT SERIES.

Deposits now being formed in the Eastport region include 
alluvium along certain streams, sand and gravel along beaches, 
clay on tidal flats, accumulations of peat in bogs, and accumula­ 
tions of remains of plants in salt marshes.

Deposits of alluvium are so small and so closely confined to 
the stream channels that it has been impossible to show them 
on the map. Most of the streams,are small, and as a result of 
glacial or artificial damming of their valleys many of them 
meander between boggy banks without either eroding or depos­ 
iting actively.

The larger deposits of beach sand and gravel are marine, 
for the lakes are small and generally have rocky or marshy 
shores. Sand and gravel beaches have been formed principally 
in places subject to moderate wave and current action. In 
extremely protected inlets well-defined beaches are rare, because 
there is no strong wave action; on the other hand, along shores 
fully exposed to the Atlantic wave action is so severe that ero­ 
sion rather than deposition is dominant. It is along shores 
subject to wave action between these two extremes that well- 
defined beaches have been formed, as in Baileys Mistake and 
Carryingplace Cove (near South Lubec). Current action has 
been an important auxiliary to wave action in forming some 
beach deposits, such as the beaches and spits that lie between 
Lubec and South Lubec. Beaches are in process of destruction 
or of formation even at the present time. On the shore of 
Moose Island due south of Carlow Island a peat bog whose 
plant remains are of fresh-water origin is now flooded by the 
sea at high tide and is thus being converted into a salt marsh, 
a condition due either to slight subsidence or to the removal of 
a protecting barrier beach. A similar condition exists near 
South Lubec at Carryingplace Cove, where a neck occupied 
by a peat bog is protected on the south by a barrier beach but 
entirely unprotected on the north, so that some of it is cut 
away during every storm from the north. During the last 25 
years 200 feet of this bog has been eroded away, according to 
one of the residents, who reports that the older residents say 
that fully one-fourth of the bog has been removed. Probably 
the bog was once protected on the north, as it is now protected 
on the south, by a barrier beach, but the shifting of marine cur­ 
rents has doubtless caused the removal of this protecting bar­ 
rier. Other evidence that such changes are in progress was 
found on the north shore of West Quoddy Head, about three- 
quarters of a mile east of this bog, where a small lake has been 
formed by the building of a barrier beach across a recess in 
the shore. After this beach was formed the currents shifted 
and produced a spit that projects westward from a point near 
the center of the barrier beach.

Bars that connect small islands with the mainland or with 
other islands have been formed at several places, the best 

   example being on the north shore of Moose Island a mile west 
of Dog Island. An example of the reverse process may be 
seen in Cobscook Biver, between Dram Island and .Falls Point, 
where a small island not shown on the map is connected with 
the mainland by a belt of coarse bowlders, some of them 4 to 5 
feet across, which is exposed only at low water. These 
bowlders are far too large to be moved by any waves that can 
be formed in this protected place. The tidal currents there being 
very strong the bowlder "bar" may represent the heavier rem­ 
nants of a mass of till that originally connected the island with 
the mainland.

Clays, most of them blue-gray, are now being deposited 
along the shore, most abundantly in the shallow tidal inlets,

aHitchcock, C. H., Preliminary report upon the natural history and geol­ 
ogy of the State of Maine, p. 282, 1861.
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especially those into which the larger streams empty. These 
beds undoubtedly consist in large part of reworked material of 
the Pleistocene clay, which they resemble closely in appearance.

Peat is forming in many of the undrained basins, and the 
principal deposits are shown on the surficial-geology map. Its 
formation records the growth, death, and partial decay of gener­ 
ation after generation of bog plants, principally several species 
of moss (Sphagnum and Hypnum), of members of the heath 
family, and of fragments of small black spruce and tamarack. 
The remains of mosses make up the largest part of the deposit. 
Peat formation probably began early in postglacial time and 
has continued to the present day, some of the beds being 20 
feet thick. The bogs are described in greater detail in the 
section on economic geology.

Salt-marsh deposits, consisting of the remains of salt-marsh 
plants mixed with marine clay and sand, are found at many 
places along tidal inlets.

INTRUSIVE IGNEOUS ROCKS.

ANDESITE.

Character and relations. Andesite that is intrusive in the 
Quoddy shale forms Mount Tom, in the northwest corner of the 
quadrangle. It is a massive porphyry of very uniform charac­ 
ter throughout, consisting of a purplish-black groundmass in 
which are embedded abundant gray or greenish feldspar pheno- 
crysts, averaging about 2 millimeters in length, and a few 
smaller black phenocrysts. The rock is traversed by small 
veinlets of secondary quartz and epidote.

The microscope shows that the rock is much altered. The 
feldspar phenocrysts, which are plagioclase above balsam in 
index, are extensively replaced by sericite and epidote and in 
some places by quartz. Extinction angles up to 16° are pre­ 
served in a few crystals and some show zonal structure. Other 
phenocrysts whose outline shows that they were originally 
pyroxene are entirely replaced by epidote. The fine trachytic 
groundmass now consists largely of secondary sericite, epidote, 
chlorite, and iron oxides, with remnants of minute laths of 
feldspar.

Age. The age of this andesite can not be exactly determined. 
It is younger than the Quoddy shale, which it intrudes, and is 
very similar lithologically to some of the effusive andesite of 
the Edmunds formation. Possibly it represents one of the 
volcanic vents through which these andesites were erupted.

As already pointed out, certain andesitie rocks associated with 
the Dennys formation may be intrusions rather than flows, but 
such masses of uncertain origin form only a small part of the 
andesite as compared with those that are clearly effusive.

DIABASE.

Distribution. Dark-green to black intrusive diabase is one of 
the most conspicuous rocks of the Eastport quadrangle. It 
occurs in a great variety of forms and sizes, comprising stock- 
like masses, some a mile or more in diameter, as at Pughole 
Mountain, sill-like masses, some more than 4 miles long, like 
the diabase ridge east of Pennamaquan River, and small dikes, 
which are extremely abundant in nearly all parts of the quad­ 
rangle. The largest mass lies in the southeast part of the 
quadrangle, east of a line connecting Johnson Bay with East 
Stream. The map probably exaggerates the abundance and 
continuity of the diabase in the inland portions of this mass. 
The knobs and ridges are almost all diabase, but in the low­ 
lands there are few or no outcrops, and possibly some of the 
lowland tracts mapped as diabase are occupied by Quoddy 
shale. The true proportion of diabase and shale is indicated 
along the shore, where the exposures are nearly continuous.

Character. The diabase is commonly massive and of uni­ 
form character and is distinctly intrusive into the bordering 
rocks. Although the form and large areal extent of some 
bodies indicate that they are stocklike, most of the larger 
masses are more or less elongate parallel to the strike of the 
inclosing rocks and were probably intruded in general parallel 
to the bedding, though breaking across it in places. At a few 
localities, as at Shackford Head and Clement Point, where the 
contacts are exposed, such intrusion parallel to the bedding 
may be observed. Most of the smaller intrusions are dikelike.

Although generally finer grained and in places amygdaloidal 
next their walls, the intrusive masses do not display flow lines, 
bolster structure, a profusion of amygdules through consider­ 
able thicknesses, or other structural features characteristic of 
the diabase flows.

The diabase is commonly dark green to nearly black, but 
some of it is reddish or purplish because of abundant pink 
feldspar. It shows great differences from place to place in 
fineness of grain, ranging from varieties that are extremely 
fine grained or aphanitic to rare varieties crowded with feld­ 
spar laths one-fourth to one-half inch in length. In the com­ 
moner varieties feldspar crystals average 1 to 2 millimeters in 
length. The texture is commonly ophitic, rarely porphyritic. 
Microscopic studies show that the commoner varieties are true 
diabase in both texture and composition.

An unusually fresh specimen from the north side of Federal 
Harbor shows feldspar laths, the largest of which are 2 milli­

meters in length. A spotted appearance is produced by the 
development of coarser pyroxene in areas as much as 3 milli­ 
meters across. The microscppe shows a typical intersertal tex­ 
ture, the feldspar laths being oriented in all directions with 
grains of pyroxene, altered in part to brown hornblende, and 
small grains of magnetite in the interspaces. The rock is typ­ 
ical of much of the rather feldspathic diabase. Other phases, 
as, for example, the diabase of the northeast shore of Hog 
Island, in South Bay, have a typical poikilitic texture, a num­ 
ber of feldspar laths being inclosed in much larger single 
crystals of augite which serve as their matrix. The rock of 
poikilitic texture is more typical of the coarser than of the finer 
types, and on weathering its surfaces assume a characteristic 
knobby appearance.

A fine-grained diabase from the summit of the mountain 
northwest of Roaring Lake shows under the microscope a finely 
porphyritic structure, due to the development of crystals or 
crystal aggregates of augite in a groundmass of very finely 
diabasic texture. A dike of altered diabase half a mile north­ 
west of the west end of the Moose Island toll bridge is conspicu­ 
ously porphyritic, containing scattered phenocrysts of feldspar 
measuring an inch by half an inch.

Some of the diabase is of special interest because of its con­ 
tent of sodic feldspar, generally albite, which has been exten­ 
sively formed in it, apparently by secondary processes. Some 
rocks that to the unaided eye appear to be typical diabase and 
that grade into undoubted diabase are found, when viewed 
under the microscope, to contain albite instead of the labra- 
dorite that characterizes the normal phase. These rocks have, 
however, the ophitic or poikilitic texture characteristic of true 
diabase. In some specimens the augite associated with the albite 
is so fresh that the latter was at first supposed to be an original 
constituent in spite of the apparent incongruity of the associa­ 
tion of pure albite in ophitic or poikilitic development with a 
calcic pyroxene (augite, extinction angles up to 45°), but there 
are several reasons for believing that the albite is secondary. 
One reason is the close similarity in appearance and field occur­ 
rence of these albitic rocks to true diabase and the apparent 
gradation from one to the other at some places, as on Edge- 
come Point. Another reason is the fact that certain thin sec­ 
tions that have uniform diabasic texture contain, in addition to 
albite, some plagioclase which shows a refractive index higher 
than that of balsam. A third reason is the presence of albite 
and other feldspars in amygdules in both effusive and intrusive 
diabase, and a fourth is the occurrence in one place of second­ 
ary plagioclase with calcite as the filling of a small fracture.

The occurrence of secondary feldspar as amygdule and frac­ 
ture fillings shows that the rocks have been penetrated by 
solutions carrying the constituents of feldspars. It appears 
probable that the albite in the body of these rocks is the 
product of similar solutions acting upon original calcic feldspar. 
A prerequisite for such complete replacement of calcic by sodic 
feldspar without change in volume or the formation of abun­ 
dant inclusions of alteration minerals would be an abundant 
supply of sodium in the solution effecting the change. This 
phenomenon has been noted in eruptive rocks in Scotland and 
has been described by E. B. Bailey and G. W. Grabliam,a who 
cite earlier observations by others. These writers attribute 
the alteration to juvenile sodium-rich waters an effect of vol­ 
canic eruption. In the Eastport region there is no strong evi­ 
dence that the change was brought about by juvenile rather 
than surface waters. Most of the specimens in which albitiza- 
tion was observed were collected on the shore, where the frac­ 
tures in the rocks would almost inevitably be penetrated by 
saline solutions. Most of the diabase, moreover, is in contact 
with sediments that were laid down in ocean water that was 
presumably more or less saline. Oceanic salts would seem to be 
an adequate source of the sodium required for this replacement.

A number of thin diabase dikes that cut the Quoddy shale 
appear to be older than the main masses of intrusive diabase 
because they are more highly altered and in places sheared. 
A diabase dike outcropping on the shore just north of West 
Quoddy Light is highly schistose, whereas an adjacent mass of 
the typical diabase of the region is entirely massive. A schis­ 
tose diabase dike, 4 to 8 inches thick, exposed on the shore in 
front of West Quoddy Light, is faulted in several places parallel 
to the cleavage of the Quoddy shale and also at a high angle to 
the cleavage.

The schistose diabase dikes are fine grained and are greenish 
gray in fresh specimens. Microscopic examination showed 
that the rock is sheared and altered diabase. The laths of 
plagioclase, which is the only original constituent present in 
large amount, are commonly arranged in the textural pattern 
characteristic of diabase and have here and there been fractured 
by the shearing. The matrix consists of secondary calcite, 
chlorite, and a little quartz. Abundant grains of magnetite 
have been partly altered to hematite.

Age. There is abundant evidence of diversity, possibly of 
wide diversity, in the age of the different masses of diabase 
that are indicated on the map by the same symbol. Diabase

"Bailey, E. B., arid Grrabliam, Gr. W., Albitization of basic plagioclase 
feldspars: Geol. Mag., decade 5, vol. 6, pp. 250-256, 1909.

flows are associated with all the formations, from the Quoddy 
shale to the Perry formation, and the production of intrusive 
masses of diabase in connection with the diabase flows of each 
formation may be regarded as a geologic necessity. More con­ 
crete evidence of diversity in age is afforded by numerous diabase
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dikes that cut other masses of intrusive diabase. The general 
lithologic similarity of all the diabase makes the differentiation 
in age of isolated masses impracticable.

Notwithstanding the differences in the age of the several 
masses the great bulk of the diabase probably belongs to a 
single period of intrusion, a fact indicated by the very evident 
relation of the form and distribution of the larger masses to the 
major structural features of the region. Except the great mass 
intruded into the Quoddy shale in the southeast part of the 
quadrangle the intrusive masses are largest and most numerous 
in the area between South Bay and Orange Lake, along or 
near the axis marking the shift in strike of the Silurian forma­ 
tions from northwest to southwest. That axis, like those of 
most folds, formed a zone of weakness that was easily pene­ 
trated by intrusions. Hence the principal intrusion of dia­ 
base is believed to have taken place either synchronously with 
or shortly after the major deformation of the Silurian forma­ 
tions. This conclusion is further supported by the form of 
some of the masses, such as that surrounding Lily Lake near 
the head of Straight Bay, which, in the absence of any trace of 
deformation in the diabase itself, is most readily explained by 
assuming its intrusion during or after the major folding. 
Further substantiation of this conclusion is found in the com­ 
parative scarcity of intrusive diabase in the Perry formation, 
indicating that the principal intrusion occurred before Perry 
time.

Many of the diabase masses are therefore of uncertain age; 
they may have been intruded at any time from middle Silurian 
to Upper Devonian or later. A few may be even as late as 
Triassic, as diabase of that age is known in Nova Scotia and 
probably on Grand Manan. The great bulk of the diabase, 
however, is believed to be of late Silurian or, more probably, 
of early Devonian age, and to have been intruded before the 
deposition of the Perry formation.

BHYOLITB.

Character and relations. Scattered dikes and sills of rhyolite 
of several varieties cut all the Silurian formations but are not 
separately mapped. Some of them have already been described 
in the discussion of the closely associated effusive rhyolites of 
several of the Silurian formations and mention has also been 
made of the possible intrusive origin of large areas of pink 
rhyolite that are associated with the Dennys formation. A 
number of other rhyolite dikes are described below.

On the shore half a mile south of Woodward Point the 
Quoddy shale is cut by twq vertical dikes of rhyolite porphyry, 
2 and 12 feet thick, respectively. Parts of these dikes appear 
very fresh. Flow structure parallel to the walls occurs through­ 
out the thinner dike but only next to the walls in the thicker 
one. The parts showing flow structure are banded greenish 
gray and pinkish, and the aphanitic body of the rock is 
crowded with rounded phenocrysts of transparent quartz, the 
largest an eighth of an inch across and with feldspar pheno­ 
crysts, some of them as much as a quarter of an inch across. 
Where the rhyolite is decomposed the phenocrysts of feldspar 
weather out and exhibit very perfect crystal faces.

The microscope shows that the rock is a typical rhyolite 
porphyry. The quartz phenocrysts are generally rounded and 
embayed. Original feldspar phenocrysts of perfect crystal out­ 
line are entirely replaced by calcite and chlorite. The ground- 
mass still shows the outlines of minute feldspar laths but has 
been entirely altered to an aggregate of quartz, calcite, and 
chlorite. The rock is not nearly so fresh as it appears in the 
hand specimen.

The rocks of the Pembroke formation are intruded at a few 
places by dikes of red and of gray rhyolite. On the north 
shore of Bassett Creek a 2-foot dike of dark-red rhyolite por­ 
phyry intrudes fine-grained amygdaloidal diabase that is also 
believed to be intrusive. On Edgecome Point a dike of gray 
rhyolite intrudes a flow of diabase. The rhyolite becomes grad­ 
ually darker colored within 5 feet of the contact and at its bor­ 
der is nearly black. The lighter phases contain irregular darker 
segregations, the largest 5 inches long, mostly elongate parallel 
to the trend of the dike.

The rocks of the Eastport formation are intruded by many 
masses of red rhyolite. At the west end of Carlow Island red 
rhyolite cuts across the bedding of the shale, as shown in Plate 
III. The contact is welded and the color of the rhyolite near 
it is changed from red to nearly black. Dikes of red rhyolite 
that cut shale are well exposed on Birch Point. A red rhyolite 
dike on the shore northwest of Kendall Head, on Moose Island, 
showed very perfectly developed flow lines parallel to its walls. 
At Buckman Head, on Moose Island, and on the shore half a 
mile southeast of Clement Point rhyolite dikes intrude diabase 
flows of the Eastport formation. The rhyolite that intrudes 
this formation, though not uncommonly indistinguishable from 
the flows in lithologic character, is in general coarser grained.
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Its texture in some places is trachytic and in other places is 
granular, the granular phases being virtually fine-grained 
granite and bearing a rather striking resemblance to fine-grained 
phases of the large granite masses north of the quadrangle. 
At their borders many of the masses of intrusive rhyolite are 
markedly more mafic (basic) and in some places, as on the shore 
of Treat Island and at the west end of Carlow Island, are as 
dark colored as the diabase. The rock of these border phases, 
although consisting mainly of orthoclase and carrying some 
quartz, contains also some plagioclase (oligoclase to andesine), 
as well as abundant chlorite and epidote, probably decomposi­ 
tion products of hornblende, besides numerous crystals and 
small disseminated flakes of hematite, an alteration product 
of magnetite. Many of the smaller rhyolite dikes that cut 
the sediments or effusive rocks contain abundant oligoclase 
and approach in composition the contact phases of the larger 
masses. Some of these dikes are gray rather than reddish, an 
example being a dike that cuts the diabase flows of Buckman 
Head.

A 30-foot dike of red rhyolite cutting the sediments on the 
shore west of Kendall Head contains numerous cubes of pyrite, 
the largest half an inch in diameter, developed by metasomatic 
replacement near fracture planes.

Age. All the intrusive rhyolite is believed to be Silurian or 
early Devonian in age because no rhyolite was found cutting 
the Devonian Perry formation. Some of the intrusive red 
rhyolite may have come from the same magmatic source as the 
red granite of E-obbinston and vicinity but may have crystal­ 
lized at less depth and therefore assumed finer textures. Such 
a relation between these two rock types is suggested by the close 
resemblance of some of the rhyolite dikes to some border 
phases of the granite.

GRANITE.

Character and relations. Although not found in place in 
the quadrangle, granite outcrops a short distance to the north 
and, as pointed out in the description of the Perry formation, 
probably underlies certain parts of the quadrangle at no 
great depth. It forms one of the most abundant constituents 
of the Perry conglomerates. It is possible, as already suggested, 
that certain rhyolitic intrusions in the quadrangle are geneti­ 
cally connected with the granites.

The nearest outcrops of granite are on the shore of St. Croix 
River just west of Mill Cove, from which place granite outcrops 
almost continuously northward along the west shore of the 
river to Devils Head. Farther inland the southernmost out­ 
crops of granite are 1^ to 2 miles north of Boyden Lake and 
on the hills north of Pennamaquan Lake. In that vicinity 
the Silurian rocks continue with prevailingly northwest strikes 
until they are cut off abruptly by the granite.

The granite is intrusive in the Silurian series, a relation 
shown by a local increase in fineness of the granite toward 
the contact and by the occurrence of granite dikes in dia­ 
base that itself in places intrudes the Silurian rocks. The 
Silurian sediments near the granite contact show great 
silicification but contain no large amount of distinctive con­ 
tact minerals.

Though intrusive in certain masses of diabase the granite is 
itself cut by a 50-foot dike of fresh diabase at Brooks Cove, on 
the Robbinston shore. This dike is probably Devonian or 
Triassic in age.

The granite is generally red and its principal dark-colored 
constituent is green hornblende. The microscopic appearance 
of a specimen collected at Robbinston may be taken as typical. 
Its texture is hypidiornorphic granular, the mineral grains 
ranging in size from 0.5 to 2 millimeters. The minerals, 
stated in order of abundance, are (1) quartz; (2) orthoclase, 
usually perthitically intergrown with albite; (3) green chlorite, 
secondary after hornblende or biotite; (4) albite in lath-shaped 
crystals; (5) magnetite. The rock contains micrographic inter- 
growths of orthoclase and quartz and secondary calcite and 
sericite.

Specimens of granite from the hills north of Pennamaquan 
Lake are mostly very light pink in color and here and there 
contain crystals of feldspar 1 centimeter in diameter. Biotite 
is the dark-colored constituent. This type of granite grades 
into finer-grained, much pinker phases.

The commercially important granites of this region have 
been described by I)ale.a

Age and correlation. The granite of Robbinston and vicin­ 
ity should undoubtedly be correlated with the granite masses 
of the adjacent parts of New Brunswick, which intrude the 
Silurian beds with notable contact-metamorphic effects. In 
both Maine and New Brunswick the Perry beds lie unconform- 
ably on the granite, this relation fixing its age as younger than 
the youngest Silurian beds of the region and older than the 
Upper Devonian Perry formation. It is reasonable to suppose 
that, like the bulk of the intrusive diabase of the region, the 
granite was intruded during the period of great structural 
deformation in late Silurian or early Devonian time.

"Dale, T. N., The granites of ^Maine: U. S. Geol. Survey Bull. 313, p. 164, 
1907.

Eastport

STRUCTURE.

MA JOE FEATUKES.

The great structural units of the Eastport quadrangle com­ 
prise a central fault block of Silurian and Devonian rocks and 
two areas of earlier Silurian sediments and associated intrusive 
rocks, which bound the central area on the northwest and on 
the southeast. The master faults that outline the central fault 
block strike northeast-southwest, as shown on the geologic 
maps, and may be called the Ayers Junction fault and the 
Lubec fault zone. The first passes near Ayers Junction, in 
the northwest corner of the quadrangle. The second passes 
near Lubec through Split Hill and No. 9 Hill, and along East 
Stream. The position of each zone of faulting can be only 
approximately determined. The displacement in the Lubec 
fault zone was not confined to a single fracture but was distrib­ 
uted along several nearly parallel fractures, so as to produce a 
sheared zone that is in places several hundred feet wide. 
Although the movement along the east side of the central 
fault block may have reached a maximum along the Lubec 
fault zone as defined above, it was by no means confined to it 
but was more or less distributed over a belt, from 1 to 2 miles 
wide, immediately west of the Lubec fault zone. The rocks 
within this belt are cleaved in many places and are cut by 
minor faults having northeast trends. Close cleavage simulat­ 
ing schistosity is especially noticeable in shale and diabase near 
the head of South Bay.

The fact that the rocks of the central fault block are younger 
than the sediments of the bordering areas indicates that the 
relative movement of this block has been downward. The 
manner in which the rocks of this block are folded indicates 
that the downward movement was conjoined with a horizontal 
movement along the Lubec fault zone, the central fault block 
moving northeast with respect to the block lying southeast of 
it. The extent of the displacement is unknown but was cer­ 
tainly great. Movement probably took place at several periods 
and in different directions at different times.

The central fault block of Silurian and Devonian rocks has 
several important structural characteristics. Its Silurian rocks, 
with the exception of the Dennys formation, have been folded 
into a broad anticline that pitches gently to the northeast. 
Their strike shifts from northwest in the northern and central 
parts of the quadrangle to northeast in the southwestern part. 
The dip in the northern part of the block, as shown in struc­ 
ture section A-A, is prevailingly eastward at angles of 30° to 
40°. Near the southeast border of the fault block, however, 
the dip is in places vertical and even reversed, as shown 
in structure section C-C. The anticline in the vicinity of 
Moose Island is modified by a syncline whose axis trends from 
Pleasant Point southward toward Nipps Island. As a result 
the rocks of Moose Island are nearly flat or dip gently north­ 
westward, as is shown in structure section B-B. An important 
structural feature is the thrust fault separating the Edmunds 
and Dennys formations throughout most of their extent in the 
quadrangle. In the region north of Western Pond, and espe­ 
cially that west of Cunningham Mountain and west of East­ 
man Hill, the beds of the Edmunds formation, if followed 
along their strike, are found to abut abruptly, without change 
in character, against the rocks of the Dennys formation. This 
relation is explicable only upon the assumption of faulting. 
Between Western Pond and Orange Lake no structural break 
is apparent from one formation to the other, but the exposures 
are not sufficiently continuous to demonstrate conformity. In 
the region north and northwest of Burnt Cove School the fault 
is an overthrust dipping eastward at an indeterminate but low 
angles This fact is shown by such relations as those illustrated

farther south, between Crane Mountain and Rocky Lake, the 
exact geologic relations are very obscure, but a considerable 
thickness of the Edmunds formation seems to be replaced 
toward the northwest, in the direction of its strike, by rocks of 
the Dennys formation. This condition appears to indicate a 
sharp shift from a south to a southwest direction in the fault 
between the two formations, so that instead of crossing the 
Edmunds formation at a small angle the fault crosses it nearly 
at a right angle. The mechanics of this fault are illustrated by 
two folded pads of paper shown in figure 7, in which the plane

FIGURE 6. Diagrams explaining structural relations at contact between 
the Dennys and Edmunds formations near Edmunds village.

In diagram a the Edmunds formation (light ruling) is shown thrust over on the Dennys 
formation (white). In diagram b the beds have been displaced by a cross fault which has 
exposed at the surface in the rear block a bed (indicated by the dark band) in the Dennys 
formation, which has been relatively raised and more extensively eroded.

in figure 6, which shows that in different portions displaced by 
cross faults erosion has produced unequal eastward recession of 
the outcrop of the thrust fault. In the densely timbered region

FIGURE 7. Diagram illustrating the general character of the fault between 
the Dennys and Edmunds formations.

Drawn from two pads of paper bent as shown and the upper pad moved to the left. The 
contact between the two pads represents the fault plane and the arrows indicate the 
direction of fault movement The movement at A simulates a typical flat thrust fault; that 
at B simulates a steeply dipping fault along which lateral movement has taken place.

between the two pads represents the fault plane. In the fore­ 
ground of the illustration, where the paper is sharply flexed (at 
B), the movement between the pads is largely lateral, but in 
the flatter part of the pads (at A) the movement simulates true 
thrust faulting.

The rocks of the Perry formation have suffered much less 
deformation than those of the Silurian formations, from which 
they are separated by a pronounced erosion unconformity. In 
nearly all the exposures of the formation the dip is gentle, 
from 15° to 30°. In some places, however, generally as a 
result of faulting, the dip is vertical. The type area of the 
formation between Perry and South Robbinston has been 
shown by Smith and White to be a syncline, with its axis 
trending N. 25° W. and with its eastern portion concealed 
beneath Passamaquoddy Bay. The small area of the formation 
just northwest of Pigeon Hill and the area on Hersey Neck 
have been preserved from erosion by downfaulting, and the 
same is probably true of the South Bay area, though the details 
of structure there are not so clear. The small area just west of 
Moose Island is a syncline with very steep dips along its west­ 
ern border aud gentle dips along its eastern border. Faulting 
has not only served to protect some of the Perry rocks from 
erosion but has elsewhere produced small offsets, which are 
well shown in the region northeast of Perry. The prevailing 
trend of the faults is northeast.

MINOE FEATUKES.

The most important of the lesser structural features of the 
quadrangle are the numerous minor faults. That many of 
these are later than the major folds and faults already described 
is proved by the fact that they produce offsets in the great 
thrust fault between the Dennys and Edmunds formations and 
that some of them fault the beds of the Perry formation. 
Their prevailing trend is northeasterly, parallel in a general 
way to the Lubec master fault, and their formation was prob­ 
ably accompanied by renewed movement along that zone. 
Although it is evident that the minor faults are of more than 
one age, sufficient evidence was not obtained to permit the, 
assignment of each fault to its proper age. The form of the 
diabase masses northwest of Whiting suggests that some of 
the minor faults represent adjustments of the beds at the time 
of the intrusion of the diabase masses. Most of them, how­ 
ever, appear to be independent of the phenomena of intrusion 
and to represent adjustment to broad crustal movement. 
None show the characteristics of thrust faults. An attempt 
to explain them as a result of nearly horizontal dragging 
movement encounters difficulty in the fact that not all the 
blocks southeast of the faults have been shifted in the same 
direction with respect to the blocks farther northwest. The 
minor faults, those produced by the intrusion of diabase and 
possibly some others near the Lubec fault zone, are probably 
the result of tension. The post-Perry faulting, by which 
blocks of the Perry were dropped. with respect to those on 
either side and thus protected from erosion, was certainly due 
to tension.

Schistosity and slaty cleavage are not developed in any of 
the rocks of the quadrangle, but cleavage  in places wide spaced 
and in others so close spaced as to simulate slaty cleavage or 
schistosity was observed at many localities. In general the 
cleavage planes are nearly vertical and strike northeast, about
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parallel to the prevailing directions of the faulting. They are 
particularly well displayed near the Lubec fault zone. Move­ 
ment along cleavage planes is shown at several places, notably 
on the shore in front of West Quoddy Light, where a small 
diabase dike has been slightly faulted at several places parallel 
to the slaty cleavage of the inclosing shale. In the shale and 
rhyolite of the Edmunds formation close-spaced cleavage is 
conspicuous near Whiting.

In general the absence of true slaty cleavage and schistosity 
shows that the rocks of the region were deformed at relatively 
slight depths and thus contrast strongly with those of certain 
parts of western New England, where Devonian and even Car­ 
boniferous rocks have become highly schistose as a result of 
deformation at great depth and under high pressure.

GEOLOGIC HISTORY.

PRE-SILURIAN TIME.

Schists that are probably at least as old as Ordovician are 
found farther west in Maine, in the Penobscot Bay quadrangle, 
and also farther east, in New Brunswick, talc or chlorite 
schists having been observed near the village of North Head, 
Grand Manan, but the oldest formation exposed in the East- 
port quadrangle is the Quoddy shale, of early Silurian age, the 
relation of which to the older schists is unknown. Although 
some such old rocks undoubtedly underlie the rocks exposed 
in this quadrangle, their history can not be unraveled, and 
the known geologic history of the quadrangle therefore begins 
in early Silurian time, the first clearly recognized event being 
the deposition of the Quoddy shale.

SILURIAN PERIOD. 

QUODDY DEPOSITION.

The prevailingly thick and even bedding of the Quoddy 
shale and its great though unknown thickness indicate that its 
formation continued through a long time. Its fossils are 
marine and it was probably deposited along the shore of the 
sea or in a large estuary. The small masses of interbedded 
rhyolite, doubtless erupted on the sea bottom, record brief 
interruptions in an otherwise uneventful period of continuous 
sedimentation. The quartzitic character of some of the shale 
and the extreme scarcity of limestone, in addition to the pres­ 
ence of volcanic rocks, indicate deposition near the land, but 
the formation was evidently not deposited in water so shallow 
as were some of the later formations, a fact shown by the entire 
absence of conglomerates, ripple marks, and similar features of 
deposits laid down in very shallow water.

DENNYS TIME.

The time between the deposition of the Quoddy shale and 
the eruption of the rocks of the Dennys formation is not 
recorded in this region, but the fossils of the two formations 
indicate that the interval, geologically considered, was not long. 
The dominantly sedimentary rocks of the Quoddy formation 
present a sharp contrast to the rocks of the Dennys formation, 
which are almost exclusively volcanic and most of which were 
apparently erupted upon a land surface. Only here and there, 
probably in estuaries at the border of the sea, were small 
masses of marine sediments deposited. Therefore the interval 
between the deposition of the Quoddy shale and that of the 
Dennys formation, though perhaps not long, was long enough 
to convert an area of sea bottom into land. Whether this 
change was accomplished by uplift or by extensive deposition 
of volcanic material, or both, and to what extent erosion was in 
progress, are points not yet determined.

During the deposition of the Dennys formation volcanism 
was predominant. Rhyolitic and andesitic lavas and smaller 
amounts of diabase were erupted, in part contemporaneously. 
They came from many centers whose position can not be deter­ 
mined. The proportion of flows to tuff beds appears to be 
greater in this formation than in the later formations, and only 
a little of the tuff shows well-defined bedding. These facts 
and the almost complete absence of sediments indicate that the 
rocks of the Dennys formation were largely deposited upon a 
land surface.

The period marked by the Dennys volcanism was probably 
closed by subsidence that brought part of the area below sea 
level, for the small masses of detrital marine sediments in the 
formation are mainly in its upper part and the rocks of the 
overlying Edmunds formation include abundant shale and 
water-laid tuff. In the southern part of the quadrangle no 
unconformity or other sharp break is recognizable between the 
Dennys and Edmunds formations, and probably the close of 
Dennys time was unmarked by other notable changes than the 
assumed subsidence.

LATER SILURIAN DEPOSITION.

keeping pace with the deposition of sediments and volcanic 
rocks, so that the area occupied by the sediments remained a 
shallow part of the sea, possibly bordered by a few areas of 
low land. That the water in which the beds were deposited 
was more or less quiet and protected is shown by the general 
absence of conglomerate and of other evidences of extensive 
erosive action by waves or currents. During Edmunds time 
the volcanism was characterized by eruptions of diabase and of 
several varieties of rhyolite and andesite. The andesitic erup­ 
tions ceased near the end of Edmunds time, but rhyolitic and 
diabasic eruptions persisted until the close of the Silurian 
period. The location of the vents from which the flows and 
tuffs were ejected is not clearly known, but some of them were 
probably within the Eastport quadrangle, for the flows are 
abundant and thick arid some of the tuffs are coarse. Certain 
masses of andesite and rhyolite that are mapped as part of the 
Dennys formation but are possibly intrusive may be the eroded 
necks of some of the volcanoes.

Toward the end of Pembroke time the sea in parts of the 
region evidently became shallow, either as a result of deposition 
or of slight uplift. In such shallow waters, probably in bays 
or estuaries, the sparsely fossiliferous red shale of the Hersey 
member was deposited. A few miles southeast of the area cov­ 
ered by these shales the deposition of sediments containing a 
profuse fauna continued in deeper water until late in Eastport 
time, when the shallow-water, sparsely fossiliferous beds of 
the upper part of the Eastport formation were laid down. The 
deposition of these beds and the eruption of the accompanying 
volcanic rocks forms the closing chapter in the history of the 
region during Silurian time, a period characterized for the most 
part by continual and varied volcanic activity along a protected 
seacoast.

DEVONIAN PERIOD.

POST-SILURIAN DEFORMATION.

Before sedimentation was again resumed in the Eastport 
region, in late Devonian time, the structure and geography of 
the region had been greatly changed. In late Silurian or early 
Devonian time the region was uplifted and its rocks tilted, 
folded, and faulted into nearly the positions which they now 
occupy. After these movements, or possibly while they were 
still in progress, the rocks throughout the quadrangle were 
intruded by great masses of diabase and those in the area just 
north of the quadrangle were intruded by great masses of 
granite. Much of the minor folding and faulting in the area 
accompanied the intrusion of the larger bodies of these igneous 
rocks, but the major deformations, such as the Lubec and Ayers 
Junction faults and the notable shift in the strike of the later 
Silurian beds from northwest to southwest near the Lubec fault 
plane, are the expression of much larger mountain-building 
movements.

As a result of these forces the region was lifted above sea 
level and immediately became subject to land erosion. The 
extent of this erosion is unknown, but it was sufficient to 
expose large masses of coarse-grained granite, which probably 
solidified at a depth of several thousand feet.

PERRY DEPOSITION.

The deposition of the earliest beds of the Edmunds forma­ 
tion marked the beginning of a continuous period of sedimen­ 
tation and volcanism which continued until the latest Silurian 
beds of the region had been deposited. During this period 
slow subsidence of the land was probably in progress, nearly

Late in the Devonian period warping or general subsidence 
of the land again brought about sedimentation but of a type 
entirely different from that characteristic of the Silurian. The 
Devonian sediments comprised in the Perry formation are in 
the main shore deposits, whose character indicates that they 
were in some places open to the full sweep of the waves of the 
sea. With the' conglomerate are intermingled sandstone and 
shale, whose physical character and scanty plant remains indi­ 
cate an estuarine origin. In fact, the considerable difference in 
the character of the Perry formation at different places in the 
quadrangle indicates that the Devonian shore was irregular and 
that some parts of it were as sheltered and other parts as 
exposed as the present shore in the southeastern part of the 
quadrangle. The Upper, Devonian was a period not only of 
sedimentation but also of volcanism, which is recorded by 
flows of diabase that are interstratified with the conglomerate 
and sandstone. If later sediments were deposited upon the 
Perry formation in this region, as they were in parts of New 
Brunswick, erosion has removed all trace of them, the Perry 
formation being the latest consolidated formation in the East- 
port quadrangle.

POST-DEVONIAN DEFORMATION.

Since the deposition of the Perry formation tectonic move­ 
ments that were less pronounced than those which occurred at 
the close of the Silurian have tilted and folded the Perry and 
older formations and have displaced their beds by numerous 
northeast-southwest trending faults. At the same time move­ 
ment wag probably renewed along the Lubec and Ayers Junc­ 
tion faults. This movement was accompanied or followed by 
further uplift of the land, by which the Perry formation was 
exposed to erosion that removed it entirely from many parts 
of the region, leaving it only where it had been downfaulted 
or had been folded into synclines.

LATER HISTORY.

The history of the region in later Paleozoic time and 
through Mesozoic and most of Cenozoic time can not be 
interpreted by any geologic record that is preserved in the 
Eastport quadrangle. Only a short distance to the east, 
however, in New Brunswick, sediments of Mississippian and 
Pennsylvanian age occur, and rocks of these ages possibly may 
once have covered the Eastport quadrangle.

Throughout most of their extent in New Brunswick the 
Mississippian rocks lie unconformably on the Perry forma­ 
tion. They comprise basal conglomerates, marine limestones, 
gypsum, and reddish calcareous shales and sandstones deposits 
indicating extremely varied conditions of deposition. Evidence 
of volcanic activity during'Mississippian time is afforded by 
thick beds of tuff and volcanic breccia that are intercalated 
in the sediments. The deposition of these beds was followed 
without serious disturbance by more uniform sedimentation in 
Pennsylvanian time. Thin but extensive beds of coal were 
deposited. Volcanism, though less active than in Mississip­ 
pian time, persisted and left its record in beds of tuff. Earth 
movements subsequent to the deposition of the Mississippian 
and Pennsylvanian beds have in places folded them gently, but 
they are much less disturbed than the Devonian or older beds 
upon which they rest.

The history of Permian time is very imperfectly known. 
Sediments of that age have been recognized in New Bruns­ 
wick, but their character has been little studied.

The events of Triassic time are recorded in the deposition of 
red sandstones and conglomerates at several points along the 
Bay of Fundy but particularly in Nova Scotia. Igneous activ­ 
ity on a large scale resulted in the formation of dikes and sills 
of diabase, of which the cliffs of Grand Manan afford a striking 
example. A few of the diabase dikes of the Eastport quad­ 
rangle, such as those that cut the Perry formation, may have 
been formed during this period.

Of the geologic events through most of Mesozoic and Ceno­ 
zoic time the rocks of this region furnish no adequate record. 
The physiographic features of neighboring areas, described in 
the section on the general features of the province, indicate, 
however, that the region was probably a land area during 
much of this time and was repeatedly subjected to partial 
planation by stream erosion. The record does not become 
clear again until Pleistocene time.

QUATERNARY PERIOD. 

PLEISTOCENE EPOCH.

WISCONSIN STAGE.

Glaciation. During at least a part of the Pleistocene epoch, 
the last or Wisconsin stage, the Eastport region, in common 
with all New England and eastern Canada, was covered by a 
continental glacier, which spread from a center east of Hudson 
Bay and left its record not only in deposits of till and gravel 
but in glacial striaa and polished surfaces. The glacial striae 
show that the general direction of movement was southeast­ 
ward but that the valleys oblique to that direction deflected 
the ice somewhat, at least in the basal portion of the glacier. 
That the influence of the topography upon the movement of 
the ice was so slight in a region containing so many long, nar­ 
row valleys is explained by the general shallowness of the 
valleys and the strength of the ice movement. This strength 
is demonstrated by the abundance of glaciated rock surfaces 
and the general thinness of the deposits of till. The larger 
topographic features, as has already been shown, are closely 
related to the structure of the bedrock, and the fact that these 
features had relatively slight influence on the ejection of ice 
movement indicates that, far from being accentuated, they were 
probably somewhat subdued by the glaciation. Erosion and 
not deposition was dominant while the ice occupied the region. 
No conclusive evidence of more than one period of glaciation 
was obtained. Two divergent sets of glacial striaa were 
observed at two localities, but in the absence of other evidence 
of more than one period of glaciation they may be accounted 
for by supposing a slight shift in the direction of ice movement 
during the minor retreats and advances of the ice within a 
single glacial period.

Glaciation had a notable effect in blocking with drift the 
preglacial drainage ways, in creating numerous bogs and some 
lakes, and in diverting many streams from their former chan­ 
nels or, reversing the direction of their flow.

POST-GLACIAL SUBMERGENCE.

At the time of the retreat of the ice the Eastport region was 
at least 100 feet lower with reference to sea level than at 
present, as is demonstrated by numerous marine deposits and 
eroded surfaces between the present sea level and that elevation.

The numerous small deposits of glacio-marine gravel, sand, 
and clay laid down during the retreat of the ice have had much 
greater influence on the topography than the purely glacial 
deposits. The gravel, except that in a few places, was probably 
deposited while the ice border stood in its immediate vicinity, 
but the deposition of marine clay continued as the land grad-
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ually rose to its present height. Marine erosion, of course, 
continued during all this period of uplift, but its records, 
though of unusual interest, are faint and obscure as compared 
with the records of marine erosion and deposition along the 
present shore line, the contrast indicating that the period of 
uplift was short. The evidence of the submergence of the 
coast in this region after the retreat of the ice is in harmony 
with evidence found farther south, about Penobscot Bay a and 
Rockland? In the Penobscot Bay region G. H. Stone" found 
water-worn pebbles as high as 225 feet above sea level, and on the 
island of Mount Desert C. W. Brown and W. C. Alden d have 
found clays bearing marine fossils at elevations as high as 100 
feet, as well as gravel beds with delta structure fronting the 
open ocean and a probable sea cave at an altitude of 200 feet. 
Similar phenomena have been observed in neighboring portions of 
Canada, at Arisaig, Nova Scotia, where Twenhofel e found three 
raised beaches at altitudes of approximately 25, 75, and 125 feet 
above sea level, the lowest two still preserving steep cliffs.

In the Eastport region a submergence as great as 200 feet 
probably occurred, though it has not been clearly demonstrated. 
Evidence of submergence to depths of at least 100 feet is even 
clearer than that found farther south on the coast.

The explanation of this notable submergence and the subse­ 
quent uplift of course belongs to the realm of speculation. 
The fact that the uplift was in progress while the ice was 
retreating and that it took place so rapidly that shore features 
were only imperfectly developed, taken in conjunction with the 
extensive warping in the region of the Great Lakes at the close 
of the Pleistocene epoch, suggests a genetic connection between 
the glaciation and the coastal movement. Possibly the sub­ 
mergence was a result of the weighting of the land by the 
advancing ice sheet and the subsequent uplift a readjustment 
due to the decrease in load as the ice melted away. Evidence 
has been found that other parts of the coast of Maine are now 
subsiding, but evidence of such movement has not been found 
in the Eastport region.

RECENT EPOCH.

The processes now in operation on the land in this region 
are stream and marine erosion and deposition, whose general 
tendency is to reduce the irregularity of the land surface and 
the coast line by eroding the more prominent and exposed 
parts and depositing the waste in the more sheltered valleys 
and inlets. The interval since glacial time, however, has been 
short, geologically speaking, so the topography is very irregu­ 
lar, though it exhibits no great relief, and the irregular shore 
line is typical of a "drowned" coast.

ECONOMIC GEOLOGY.

Mineral resources of economic interest include road materials, 
peat, scattered deposits of metalliferous minerals, clay, and water.

ROAD MATERIAL.

Road material / of excellent quality is abundant in the East- 
port quadrangle, though in many places poor material has been 
used where the best was equally available. The most widely 
distributed and most cheaply utilized road material is gravel. 
The locations of the larger deposits of gravel and of the pits 
from which it has been excavated are shown on the surficial- 
geology sheet.

Among the hard rocks the most serviceable for road con­ 
struction is the trap or diabase, whether extrusive or intrusive. 
Such rock is abundant in the quadrangle and its distribution is 
shown on the areal-geology map. Trap has been quarried 
for use on the streets of Eastport from the hill a short distance 
northwest of the railroad station. Such localities as Estes Head 
and Shackford Head are particularly favorable for cheap quar­ 
rying and for shipment by water to other cities along the coast. 
At both these points the quantity available is practically limit­ 
less and the material, if quarried at the water side, could be 
loaded directly into vessels. The harbor protection at these 
points is excellent and the water deepens abruptly, so that ves­ 
sels may approach close to the beach even at low tide. These 
two localities are among the most favorable in the whole State 
for cheaply quarrying and loading on vessels the best quality 
of road-building rock. Physical tests of trap from Estes Head, 
made by the United States Department of Agriculture, show 
that the rock is hard and tough and has good cementing quali­ 
ties. It should make excellent road material, even for heavy 
traffic. From Lubec southwestward toward Cutler the trap is 
generally associated with quartzose shale. This shale is very 
massive and tests show that it would be good road material, 
especially if mixed with some trap.

The more massive rhyolites have been utilized on the roads 
at several localities. They do not pack down or cement as well

«U. S. Geol. Survey Geol. Atlas, Penobscot Bay folio (No. 149), 1907.
6 Idem, Rockland folio (No. 158), 1908.
«U. S. Geol. Survey Mon. 34, p. 48, 1899.
d Personal communication.
"Twenhofel, W. H., Am. Jour. Sci., 4th ser., vol. 28, p. 147, 1909.
 T'Leigh.ton, Henry, and Bastin, E. S., Road materials of southern and 

eastern Maine: U. S. Dept. Agr. Office Pub. Roads Bull. 38, 1908. This 
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as the trap and their use can not be recommended in view of 
the abundance of the superior material.

Shale has been used on some roads near Pembroke and Perry 
because it could be excavated easily. It wears poorly, soon 
grinding down to a sticky mud, and its use should be avoided.

PEAT.

Deposits of peat of excellent quality for fuel and other uses 
to which this material has been applied are abundant in the 
quadrangle. The location and size of these deposits are shown 
on the surficial-geology map and the more important ones are 
briefly described below. Fuller descriptions, accompanied by 
detailed records of test borings, analyses, and a description of 
the origin and uses of peat have been published in a bulletin 
of the United States Geological Survey."

Lubec. A peat bog occupies nearly all the neck of land, 
three-quarters of a mile southeast of South Lubec, connecting 
West Quoddy Head with the mainland. This bog covers 20 
to 25 acres. On the assumption that its average depth is 5 
feet it should yield at least 26,000 short tons of air-dried 
machine peat. The facilities for water shipment are poor, the 
coast to the south being unprotected and the bay to the north 
being very shoal for a long distance from the shore. The 
deposit would therefore be available chiefly for local use.

Pembroke. A large bog of peat of excellent quality lies 
about 1^ miles southwest of Ayers Junction. This bog covers 
about 160 acres, and its average depth is probably about 15 
feet. The bog will therefore yield at least 500,000 short tons 
of machine peat. The peat is firmer and more coherent than 
that found in most other deposits and contains less water.

Another bog lies half a mile east of Ayers Junction, along 
the Eastport branch of the Maine Central Railroad. The 
peat of this bog, like that of the bog southwest of the 
junction, is much drier than that of most of the other bogs 
tested. This bog covers at least 50 acres, but the average 
depth of the peat will probably not exceed 5 feet, and some of 
it is slightly clayey. The bog should yield at least 60,000 
tons of air-dried machine peat.

A peat bog lies about a mile northwest of Falls Point, due 
east of Wilbur Neck. Its total area is about 35 acres. On 
the assumption of an average depth of 10 feet it should yield 
at least 78,000 short tons of air-dried machine peat. Although 
the bog is only a quarter of a mile from salt water, shipment 
of the peat, except in small vessels, would be difficult, because 
of numerous shoals and rapid tidal currents. The bog would, 
however, furnish a large supply of excellent peat for local use.

Perry. A small bog lies 3 miles south of Perry and half a 
mile east of Leach Point. Tests show that the quantity of 
peat in the bog is not large, though probably sufficient for 
local use as fertilizer or fuel.

Trescott. A peat bog lies about a mile south of South Tres- 
cott, near Haycock Harbor. Its area is probably at least 160 
acres. If its average depth is 8 feet (a moderate estimate), the 
bog should yield at least 280,000 short tons of air-dried 
machine peat. Its location is unusually favorable for cheap 
handling of the material, which could be carried by gravity 
from a factory located on the border of the bog to the shore of 
Haycock Harbor, and thence shipped in small vessels, for 
which the harbor affords good protection.

Whiting. An open bog a mile northeast of Yellowbirch 
Mountain may contain considerable peat but was not tested.

METALLIFEROUS DEPOSITS.

Metalliferous deposits occur at several localities and have 
been the object of considerable investments of capital with 
very little return. The first of these deposits to be discovered 
(in 1828) is on the west shore of South Bay and is known as 
the Lubec lead mine. The deposit consists of several small 
veins carrying galena, zinc blende, and chalcopyrite in a gangue 
of quartz and calcite, intersecting trap. The property was 
worked intermittently through several short periods, and the 
mill is still standing. The veins carry only small amounts 
of the> precious metals and are too small to be worked profit­ 
ably for the baser metals.

A vein on   Denbow Point was observed by Jackson in 
1836 & and described as follows: "The vein is 14 inches wide, 
and the lead ore' is '9 inches in thickness; the remainder of the 
vein consists of black blende, or sulphuret of zinc, and calca­ 
reous spar." The vein trends north-northeast. In 1862 an 
attempt was made to develop this vein, but work was soon 
abandoned and the shaft is now filled with slide rock. The 
shaft is in diabase tuff and the rock on the dump shows ore 
stringers composed of quartz, zinc blende, galena, and pyrite.

Near the road from West Pembroke to Ayers Junction, on 
the Sinclair farm, about 2 miles from West Pembroke, several 
prospects in diabase flows were opened a few years ago but are 
now idle. Some test drilling for ore has also been done at 
this locality. The ore occurs as veinlets filling fractures, as 
disseminations, and as amygdaloidal fillings. The ore minerals

"Bastin, E. S., and Davis, C. A., Peat deposits of Maine: U. S. Geol. Sur­ 
vey Bull. 376, 1909.

6 Jackson, C. T., First report on the geology of the State of Maine, p. 25, 
1837.

are galena, zinc blende, and chalcopyrite. Calcite, dolomite, 
and quartz are the gangue minerals.

Both the Lubec and the Pembroke deposits occur in regions 
of extensive fracturing. The origin of the ore-bearing solu­ 
tions is not certainly known. The deposits are described in 
greater detail by W. H. Emmons,a in an earlier report of the 
United States Geological Survey.

A vein of white quartz, 1 to 3 feet thick, occurs in East Bay, 
on the point north of Rodgers Point. It is banded parallel to 
the walls and includes numerous horses and small angular 
fragments of wall rock but no metallic minerals.

An iron furnace and foundry which was operated at Pem­ 
broke in the "thirties" derived its ore supply from Nova 
Scotia. A few small iron-bearing veins were observed within 
the quadrangle. On the southwest shore of Seward Neck 
several nearly vertical veins traverse the rhyolitic flows, occu­ 
pying sharp fracture planes and breccias in the rhyolite. They 
consist of quartz and specular hematite. The walls and breccia 
fragments are sharp and there is no mineralization of the 
rhyolite at the border of the vein. According to an analysis 
made by C. T. Jackson in 1836 the specularite contains 89 
per cent of Fe 3 O 3 and 11 per cent of TiO 2 .

A small abandoned prospect pit lies near the Lubec road, 
about 2 miles northeast of West Lubec. It shows lenses of 
white quartz in sheared trap. The quartz is mostly barren but 
in places carries a little chalcopyrite.

CLAY.

Marine clay is widely distributed over the lowlands of the 
quadrangle, as shown on the surficial-geology map. At many 
places the deposits are thick and are of a quality suited to the 
manufacture of common brick. They are not now utilized 
in the quadrangle, but until 1900 a brickyard was worked about 
a mile southeast of West Pembroke on the road to Leighton 
Point. The plant is said to have produced 500,000 to 800,000 
brick a year. The clay here is buff-gray and burns to terra­ 
cotta color. It is very plastic and nearly free from pebbles.

SUPPOSED COAL DEPOSITS.

Some prospecting has been done for coal in the quadrangle, 
especially in the Perry formation, and some residents still hold 
firmly to a belief in its existence. It can be stated with 
certainty, however, that not only has no trace of coal ever been 
found in the quadrangle but that all the rocks are older than 
those in which coal occurs elsewhere. The reputed coal 
was the subject of a special investigation of part of the 
district by the United States Geological Survey in 1903? 
Small patches of supposed coal on the west shore of Broad 
Cove are merely black shale, which has been polished some­ 
what along slip planes.

WATER POWER. ,

In the heavily forested parts of the quadrangle west of 
Cobscook River many small streams have been dammed in the 
spring for the purpose of floating down logs and others have 
been dammed near their mouth to furnish power for sawmills. 
Tide power was used many years ago for running a plaster mill 
at what is known as the canal, about a mile south of the village 
of North Lubec. Tide power is not now utilized in the quad­ 
rangle, although there are many narrows through which the 
tidewater flows with considerable force, both on the ebb and 
flood. Jackson in his first geologic report (1837) called atten­ 
tion to possible tide power at Haycock Harbor. Another prom­ 
ising locality is at the iron bridge, a little over 3 miles north of 
Whiting, where an estuary discharges through a passage only 
about 40 feet wide between rock walls 10 to 12 feet high.

WATER.

The water supplies in the country districts and smaller towns 
of the quadrangle are derived from springs and shallow dug- 
wells and in general are abundant, soft, low in mineral content, 
and otherwise excellent in quality. Some wells very near 
tidewater, however, yield brackish water that is unsuitable 
for use. Eastport is supplied from Boyden Stream, the outlet 
of Boyden Lake. The reservoir, built in 1901, and the pump­ 
ing station are in Perry and the water is pumped to a 60-foot 
standpipe on Battery Hill, in Eastport. The supply of Lubec 
is obtained from springs about 1^ miles east of West Lubec 
whence the water is pumped to a standpipe at the south end 
of Lubec Neck. The water contains about 100 parts per 
million of mineral matter and is moderately soft.

Several springs are noteworthy. One near the west shore of 
Johnson Bay, mentioned by Jackson in his first report on the 
geology of Maine, yields a steady flow of pure cold water. 
A salt spring on the farm of Daniel McKinley, at Timber Cove, 
Cobscook River, about 4 feet above high tide on the edge of 
a salt marsh, flows all the year. Lubec Saline Spring, at the 
head of Johnson Bay, yields very salty water.
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